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SECTION VI

‘6. TRANSPONDER STATION

- The function of the Transpdnder Station is to receive, translate,
and retransmit signals containing a ranging code from an AROD
Airborne Vehicle. The Transponder is capable of automatic
acquisition and tracking thus allowing the use of unmanned gfound.
'stations. To achieve fhese objectives, two receivers are
utilized; a VHF receiver for rapid acquisition and station control
and an S-Band receiver for tracking.

Constraints not usually found in ground equipment were put
on the transponder with respect to size, weight, and power
iequirements. Although the transponder is rack mounfed for
convenience during feasibility studies, the two receivers and
power sysfem, being self-contained in separate drawers, can be
individually enclosed. This results in units which are easily

transportable and versatile in their power source requirements.

Common designs between Vehicle and Transponder equipments were
utilized wherever possible. Vehicle cordwood modules are used
wherever receiver designs coincided,

To maximize reliability, all components were chosen to operate
at 25% of their voltage, current, or power ratings unless con-
strained by other factors. Also, integrated circuits were
employed whenever practical,

The Transponder Station consists of two receivers and a
Transmitter, The Station Control Receiver receives a 138 MHz
PSK/PM/PM signal which contains all instructions for the trans-
ponder, The Station Tracking Receiver receives a 2214 MHz
PN/bi-phase modulated signal and the transmitter retransmits the
same code at 1800 MHz., A functional block diagram of the
Transponder Station is shown in Figure 6-1., Brief descriptions
of Transponder Station functions follow,

6~-1



%
Vehicle
221l MHz
VHF _[Control
Link
Control - Instruc. | Tracking Tracking
N
Recelver “l Receiver - Transmitter
N
Power
Tracking
1 Receiver
Power
Supplies
.
' ¥
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6.1 PHYSICAL DESCRIPTION

~ External physical details of the Transpondef'Station Rack
are shown in Figures 6-2 and 6-3, The rack is a 41-inch

.standard 19-inch cabinet containing four assemblies.; The

assemblies are listed in Table 6-~1, The TWTA assembly is a
15~inch by 30-inch plate containing the TWTA, a fan, output
signal filters, and a'small control panel,

TABLE 6-~1. List of Assemblies

Assembly - . Name
1A1 : Stétion Control Receivef
1A2 StétionaTracking Receiver
1A3 Power Amplifier |
1A4 ' AC/DC Converter
—— ~ TWTA Assembly

Rack power and R-F signal connections are made at the connector

panel at the rear of the rack, shown in Figure 6-3.

The top assembly is the Station Control Receiver (1Al). The

next lower assemblylis the Station Tracking Receiver (1A2),
Third assembly is the Power Amplifier (1A3) and the bottom assembly
is the AC/DC converter (1A4),.

Station monitor jacks for interconnection to the Transponder
Check~-0Out Equipmént are located in the front lower right-hand
corner of each assembly. Memory loading interconnection jacks
are locéted in the front lower left-hand corner of the Station
Control Receiver (1Al),

Assemblies 1Al, 1A2, and 1A3 are slide mounted drawers with
dust tight covers, The AC/DC converter assembly 1lA4 is mounted
directly to the cabinet. A convenience 110 VAC raceway with
five jacks is provided inside the rack for test equipment “power.
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6.1.1 Station Control Receiver (1A1)

1 W

The Station Control Receiver is a panel and chassié assembly
containing sixteen modular assemblies including three power
Supplies, three 6 x 6 digital cards, and ten R~F modules, See
figure 6~-4, Location of the modules is shown in Figdre 6-5.
Module identifications are given in Table 6-2,

]
The front panel contains two meters, (receiver AGC and dynamic

phase error), two R-F test signal jacks, (3.2 MHz and 17 MHz) and

four toggle switches for getting the station identification code.
Test outputs‘and memory loading jacks are also . provided.

Recei&er input and output signals and assembly power are con-
nected at the rear panel through,ll R~F jacksband two MS
connectors., Four fuses are dlso mounted on the rear panel.

One spare R-F module space and one spare digital 6 x 6 card
'space is'provided. Space is also available for the addition of
up to 13 nodules and/or digital cards for future expansion of
assembly functions.

1

6.1.2 Station Tracking Receiver

- The Station Tracking Receiver is a panel and chassis assembly
containing 22 modular assemblies including, three 6 x 6 digital
cards and 19 R-F modules. See Figure 6-6, Location of the
modules is shown in Figure 6-7 and module identifichtions are
given in Table 6-3 '

The front panél contains: two meters, (receiver AGC and
dynamic phase error); two R-F test signal jacks, (12.8 MHz
VCO and receiver AGC); and assorted test jacks. Receiver
input and output signals and assembly power are connected at the
rear panel through seven R~F jacks and two MS connectors. A
TEST/OPERATE switch is also mounted on the rear panel

Two spare R-F module spaces are provided in the receiver,

6-6
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Figure 6-~5., Station Control Receiver Module Location
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TABLE 6-2, Station Control Receiver Module Locations

Module ' Title

1A1A1 Filter, Bandpass, VHF ' i

1A1A2 Converter, Freq -~ VHF

1A1A3 Ampl, I-F - AGC" .

1A1A4 Gen, LO - REF | ' o | 5

1A1A5 Osc, Voltage Cont, - 17 MHz | Ly

14146 Det., Radio Freq | |
‘| 1a1a7 | synth, Freq |

1A1A8 Osc, Freq. Preset

1A1A9 Freq Divider, Freq Preset {

1A1A10 Data Demod No. 1
1A1A11 Data Demod No, 2
1A1A12 Logic, Station Control

1A1A13 Osc, Ref - 3.2 MHz

PS1 +3.5 Volt Supply
PS2 ~9 Volt Supply
pPS3 +9 Volt Supply

6-10




TABLE 6-3. Station Tracking Receiver Module Location

Reference
Designation Module Name

1A2A1 Converter, Frequency S-Band

1A2A2 Frequency Multiplier X14

1A2A3 Frequency Multiplier X5/16

1A2A4 Oscillator, Voltage Controlled
12.8 MHz .

1A2A5 Mixer, Intermediate Frequency
8 MHz

1A2A6 Amplifier, Intermediate
Frequency 8 MHz

1A2A7 Detéctor, Radio Frequency 8 MHz

1A2A8 Detector, Radio Frequency- '
Ranging Loop

1A2A9 Detector, Radio Frequency-
Frequency Preset

1A2A10 Mixer, Doppler

1A2A11 Detector, Radio Frequency
38. 4 MHz .

1A2A12 Oscillator, Voltage Controlled-~
Doppler

1A2A13 Doppler Sign Detector

1A2A14 Mixer, Synthesizer qup

1A2A15 Frequency Divider, Synthesizer
Loop

1A2A16 Oscillator, Voltage Controlled-
Synthesizer Loop:

1A2A17 Frequency Multiplier/Modulator X2

1A2A18 Frequency Multiplier/Modulator
X8 and X4

1A2A19 Code Control No. 1

1A2A20 Code Control No, 2

1A2A21 Bias Converter = Filter

1A2A22 Acquisition Unit

6-11
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Figure 6-7,

Station Tracking Receiver ModuleiLocatton
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6.1.3 Power Amplifier (1A3)

The power amplifier is a panel and chassis assembly with thermal
floorplate. Figure 6-8 is a top view of the drawer and Figure 6-9
shows the layout, Four DC/DC converters, one filter, three
terminal boards, a relay assembly, and two thermal switches are
mounted on the top side of the thermal plate. A biower is
mounted on the lower side. Driver circuitry is located on the
relay assembiy. ' ‘

Two multipin jacks are mounted on the rear panel to carry
power in and out of the drawer. Five fuses and two’R-F jacks are
also mounted on the rear of the drawer, The front panel con-
tains one multipin Jack.

6.2 STATION CONTROL RECEIVER

This subsection is devoted to the discussion bf the station
contfol drawer. Five essential functions are covered as shown
in Figure 6-~10,.

1. Control Receiver

2, Preset Synthesizer

3. Reference Synthesizer '
4, Control Data Demodulator
5. Control Logic

6.2.1 Control. Receiver

The basic requirements for the Control Receiver are:

-1, Acquire and phase lock to a VHF 138 MHz phase modulated
signal having *6 kHz of Doppler offset, with levels from
~60 dBm to -130 dBm,

2, Acquire and lock to the above signal in minimum_time.

3. Be tunable from 135 to 150 MHz in 25 kHz increments.

Carrier Loop

A functional block diagram of the VHF receiver carrier loop is
t shown in Figure 6-11,

6-13
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’ Converter
B | - o
. Thermal Switches
= +28/-9vde ' T o o
‘ Converter S o |
[ . _ : b R | e
= N Blower | = Term
| | -15vde | = T
S ‘ +28/+9Vdc Conv, -..-..—........;..l-k.
1 Converter :

Figure 6-9 , Station Power Amplifier (1A3) Physical Layout
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The receiver is a narrow band, carrier tracking system approxi-
matlng a Type-one, second order servo loop, A wide loop bandwidth

. is provided for rapid carrier acquisition which switches to a

narrow band loop after acquisition to give the desitred threshold
characteristics.

The loop is linear, i.e., without a limiter, so that the loop
noise bandwidth is essentially constant over all signal level con~
ditions. The receiver also contains a coherent AGC system. Sig—

nal flow is as follows:
H

The input S1gna1 is passed through a four—sectlon preselector
W1th a 7 MHz bandwidth tm reduce interference 51gna1s and then
ampllfled before.conversion to the first I-F frequency. The
smplifier reduces receiver noise figure amnd attenuates local
oscillator signal flows back to the signal input jack. The input
signal is then converted to a first I-F frequency of approximately
42 MHz in a double balanced mixer. The mixer is wideband and does
not contaln tuning of baiance adgustments.

The signal is amplified at the first I-F frequency. and con-
verted to the second I-F frequency in a second balanced mixer,
The resultant 9.6 MHz signél is passed through a 150 kHz prede=~
tection filter and then fed to the second I-F amplifer where gain
control is accomplished.] A limiter is used at the second I-F
amplifier output to prevént noise from unbalancing the loop phase
detector when the loop is unlocked. However, the limiter thresh-
old is set above the signal plus RMS noise power level so that
signal suppression‘does not occur at threshold signal levels, The
9.6 MHz signal is phase compared to a local 9.6 MHz reference
signal generated from the Station Master Oscillator and the result-
ing D-C error voltage is filtered and amplified in the loop filter.

The loop filter output is then used to control the loop volt=~
age controlled oscillator, The VCO frequency is multiplied by
X2 and X3 to generate the first and second local- oscillator sig-
nals, thus closing the loop. A second limiter output is fed to a
coherent amplitude detec#or and the CAD output is filtered and

i
; | :
. !

6-18




Lot s

amplified to form the AGC voltage used to gain control the second
I—F signal. ;

{ . i

9
i
o

The predetection filter is sufficiently wide to pass modulation
signals on the carrier so that the loop detector provides the de-
modulated 18.75 kHz subcarrier., The subcarrier, containing coded
éontrol signals is amplified and fed to the data demodulator
éircuitry. . 2 '

Loop bandwidth switching is accomplished by changing loop filter
~§ time constants. This is done by increasing the filter resistance )
N when the receiver is locked, by using the AGC voltage to control

B an FET gate. ' '

' The receiver loop is 6ptimized (i.e., the dambing factor adjusted
”[ to be 0.707) for an input carrier signal level of ~130 dbm. The
1oop gain distribution is as follows:

“i ~ Loop gain - : 106 Secsf

; | Phase detector gain | 6.7 millivolts/degree
“i 3 VCO gain ] . 1500 Hz/volt

| '~ Loop filter D-C gain’v' 35 volts/volt'

,ﬁ Frequency multipiiers 8 :

i : . With the given loop pa:ameters, it would normally be possible
ek to acquire an 18.75 kHz sideband instead of the carrier I-F

oy - - Doppler shift were maximﬂm. Sideband lock is précluded by limit-
e ing the control voltage output of the phase loop D-C Ampllfier.

i Local OSCillator Selection

It is required that the VHF receiver be tunable in 25 kHz steps
to receiver signals from 135 to 150 MHz.

~ The frequency of the local oscillator is related to the input
frequency as follows, ‘

Iin = %y

. : v - N



Detector»referencei= 9.6 MHz

-
il

N = LO multiplier = 8
. fin - 9.6
s S 8

Since £, ~varies in 25 kHz steps f, will vary in 25/8 = 3.125
kHz steps. ' ' P

| For a 138 MHz input

138 - 9.6 _ 1 or wr
{ £, = —g—— = 16,05 MHz

Preset Synthesizer ! : ‘ |

The function of the Pfeset'SyntheSizer is to develdp a 12.8 MHz

signal containing a Doppler shift which is directly proportional to

that of the input signal. This 12.8 MHz signal is then used as a
geference to preset the Tracking Receiver local oscillatdr thus
eliminating frequency search at S-band.

1

. Figure 6-12 shows the frequency conversion loop of the Control
Recelver ‘and the first mixer of the Preset SyntheS1zer. The 9.6
MHz signal, used as a reference for the phase detector, contains

a frequency offset, €. When the carrier loop 1s-1ocked, the local

oscillator contains an error ¢/8 as shown in Figure 6-12,

In order to remove this frequency error, the 9.6 MHz reference.
is divided by 8 and added in a mixer to the VCO output. The
errors cancel and the mixer output is:

p Iy +ip

8 v 8 ~© 8

This signal is shown.as the reference input to the Preset
Synthesizer (Figure 6-13)., The 12.8 MHz VCO is phase locked to
this reference. o o

- The control receiver local oscillator may change frequency'in
steps of 3125 Hz as shown in paragraph 6.2.1.3. To accommodate
these changes, digital programmable dividers all employed to

6-20 .
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3% provide fixed 3125 Hz signals to the phase detector. The frequency
' relationships of the loop are shown in Figure 6-13. Since the .
inputs to the detector are coherent, the following equation holds

£ f

f , b i
_r b 3 -_r _ . _D
g8 *fy+3 =2 ~3 "t "3
K2 K1
where: fo = 12.8 MH=z .
| : fr = 9,6 MH=z
! £, = Control Receiver local oscillator

-l | fD = Doppler | | E |
To define Kl and K2, assume f; to be center frequency of re-
"E ceiver oscillator with no Doppler present. Then:

3 X _ et 6 -t
Ny . 2 f, - - f, 18x10° -
i B B 3125 = 3125
| f .
| X, 1.2 x10% 4 g0
B K. = 8 Vo : v
| ' 2 =7 3125 = 3125
} For f! = 16.05 MHz ;
| 1.95 x 100
3 i 1. x _ :
5 - Ky =Ty - 624
: g _l12s x 108 oo
| ‘ 2~ 3125 =

Loop parameters are as follows:

K¢ = 7 mv/degree .
Kv = 1 kHz/volt
A = 44 volts/volt

Loop Bandwidth (EL) = 15 Hz

; 6.2.2 Reference Synthesizer

{

The reference synthesizer provides coherent fixed frequencies
| { %o the transponder to be used for offset functions.

¥
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As shown in Figure 6-14, the synthesizer consists of a pre-
c151on master oscillator operating at 3. 2 MHz drlving a combinar~
tion of multipliers. Each multiplier is buffered for both its
input'and each output. The multipliers operate in a balanced
configuration to give minimum coherent spurious outpuf with non-
eritical filtering.

The 9.6 MHz outputs provide references for thé control receiver
phase detectors, the preset synthesizer first mixer, and an
guxiliary output. The 8 MHz outputs provide frequency bias and
phase detector drive in the tracking receiver. The 19.2 MHz out-
put is used as a reference during Doppler reverse opekation of
the tracking transmitter. '

6.3 CONTROL DATA DEMODULATOR

~ The Transponder Statiph Control Data Demodula%or accepts the
base band signal from the VHF Station Control Reéeiver, demodu~-
lates the binary data, and recovers the sub-bit timing reference.
The serial binary data and the sub-bit clock are presented to the

Station Control Logic, where the control instructions are decoded,

The function block diagram'of the Data Demodulator is shown in
Figure 6-15. The input signal is the three phase modulation of

an 18.75 kHz subcarrier as described in specificiation 12-25607F.
| This signal has a strong component of the reference phase to
which the subcarrier loop locks. The demodulated Return-to-Zero
(RZ) signal is taken from the ‘error point of this loop, multiplied
by two, and the sub-bit timing frequency is recovered in the sub-
bit loop. The sub-bit timing frequency or clock is used by the de-
modulator to recover the serial binary data with matched filter de-
tection, A lock detector operating with the sub-bit sync is used
to signal the Station Control Logic when . the data.are valid.

’The Transponder Control Data Demodulator is located in the VHF
Receiver drawer of the Transponder Equipment rack. The demodu-—
lator consists of two 6" x 6" printed circuit cards, 1A1A10 and
iAlAll of the VHF Receiver drawer. A total of 270 discrete

i
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A " éomponents were used to implement the circuitry. Of *hese com-

ponents, 25 are packaged in the three standard filter modules,

36 are packaged in the three phase -detector reference driver

modules, and 10 are packgged in the integrated c;rcuit logic

modulg which also contains the 11 ihtegrated circuits that are

used in the logic portion of the demodulator. The reﬁaining com~

ponents are mounted directly on the circuit boards. No effort

was made to further reduce the size of the equipment because there

Vg C was no space problem in the packaging scheme and no real advantage~

mj . would be obtained at this p01nt by building, at an increase in

-y cost and labor, small quantities of specialized modules. In future

M% applications, where size'requirements or larger érodugtion quan-
fities make the added expenditures feasible, theiequiﬁment would

'; | readily adapt to modular packaging, either cordwood of hybrid -

? integrated circuitry.

| The circuitry, which ;s largely digital in nafure, requires a
total power input of 1.12 watts. This is supplied as: 40 ma at
; 3.5 vde, 50 ma at +9.0 vdc, and 55 ma at -9.0 vdc.

A block diagram of the Transponder Control Data Demodulator is
| presented in Figure 6-15. This is a basic diagram of the final
implementation of the Demodulator. This section!presents a dis-
Qussion of the technical constraints that influenced the design‘
éf the_vérious circuits that are used to implement the subsystem.

). The general factors that were considered are the various signal
o parameters, the signal conditioning required, the loop perform-
’ ance requirements, circuit implementation limitations and output
signal specifications.

' The Demodulator has the basic function of processing the VHF
control data. The basic data rate is FL/16 or approximately 780
Hz, 1In the Vehicle Equipment, the VHF data transitions are syn-
chronized to the S¥band range code transitions. ' The sub-bit sync
(F;/16) must be constructed such that the transitions of the Trans-

ponder sub-bit sync signal will correspond in time with those of
v the received range code transitions tb within *40 microseconds.

i i
H
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This is an essential requirement for the presetting of the
Transponder L-code. Static errors in the timing will be ad- =«
‘justed out of the VHF link by the Demodulator; but changes in
these errors must be minimized, simce they cannot bevcbntrolled,
The best method of minimizing the effect of the changes is to
minimize the total delay that must be removed. The subsystem

must also provide the demodulated VHF control data to the Station
kControl Logic. The threshold error rate is defined as a proba-

’bility of bit error of 4 x 107, The rate at which the Demodula;'

tor acquires and begins to provide these 51gnals was minimized to
aid in rapid acquisition and reacquisition of tﬁe VHF link. The

acquisition time was mlnlmlzed wherever an unnecessary complica-

tion of circuitry did not result.

The 18.75 kHz subcarrier modulation is stripped from the VHF
signal in the Station Control Receiver and presented from a 2000
ohm source impedance to .the Control Data Demodulator. The signal
content of this input‘is\a phase modulated 18.75 kHz signal. The
voltage level of this signal is 1.0 *0.2 volts rms. ‘The noise
woltage density at threshold is nominally 8}millivolﬁs rms per
Hz in a bandwidth of approximately 118,000 Hz.

A predetectlon filter is required to improve the signal- to—
noise ratio (SNR) of the input signal. This reduces the dynamic
’rangq requirement for thHe subcarrier and sub-bit phase locked
loops and allows a simplification of the associated ciréuitry.

An excessive delay cannot be tolerated, however, since the vari-
ations in the delay result in an uncontrolled timing error in the
sub-bit sync reference output. A noise bandwidth of 16 kHz was

selected. This results in a threshold SNR of 0 db at the filter
output.

A phase locked loop is locked to the filtered 18.75 kHz signal.

The loop design parameters for the subcarrier referenbe loop are:
1. ZBL = 100 +*10 Hz

2, € = 0.7 0.1 at' threshold
} .

14,500

<
i
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The resulting’performance parameters are;

1. Lock time, ty, = 0.75 seconds

2. Pull-in range +300 Hz

This loop configuration is determined by a trade—off of circuit
complexity versus lock time, phase jitter, and bandwidth. The
demodulated RZ signal. is taken from the error p01nt of this loop
and used to construct the sub=-bit sync and data outputs.!

The RZ signal is filtered 1n a simple R-C low pass fllter,
which is included in the X2 rectifier, to remove the 18.75 kHz

switching transients. The filter has a cutoff %requehcy of 6.5

kHz and delays the signal by approximately 100 microseconds.
This delay is less critical to the sub-bit timimg because the
‘delay removal capacitance can be made to accurately track the
variations in the filter capacitance, the dominating:factor in

delay variations.

The filtered signal is then rectified in order to recover the
jsub bit information. The resultant 51gna1 (RZ XZ) is essentially
'the vehicle sub-bit sync signal as delayed by the VHF transmis-
sion path and signal processing. This signal becomes the input
to 'the Sub-Bit Phase Locked Loop. The Sub-Bit Loop incorporates
'‘a VCO that operates at FL/4 Hz. The VCO output:is‘divided by four
‘in a logic scheme that produces FL/16, the outpdt sub-bit sync
'signal, and the signals ithat are used to generate the loop ref-
‘erence signal and the ddta detection control signal. The loop
has a built in timing offset that is used to cancel the VHF link
delays in the reconstruction of the sub-bit sync timing.

The Sub-Bit Loop incorporates a *0.5% VCO and a low offset
phase detector to limit the frequency offset and allow for rapid
acquisition. The loop design parameters are:

1. 2BL = 35 %5 Hz
2, & =0,7 £0.1 at threshold
3. KV = 1200

J ‘ ’ 6-29



The resulting performance parameters are:
1. Lock time, tL = 0.055 seconds

2. Pull-in range 20 Hz !

As in the subcarrier loop, the goal was acquisition speed, with
minimum possible phase jitter and circuit complexity.

, A lock indication signal is provided that is used in the Sta-
fion Control Logic to verify the data quality The rectified
éignal RZ X2, is also used as the input to a CAD circuit, with
_—7—_ being the reference signal. When acquisition occurs, a DC
output occurs that is amplified and buffered by loglc circuits to
form the logic "one'" lock indication signal. '

'
t

In addition to being used to generate the sub-bit sync signal,
the subcarrier loop error point signal, RZ, contains the VHF con-
trol déta information. An integrate and dump match filter tech-
nique is used to extract the data. Figure 6-16 shows the timing
of the integrate and dump process. The effective bandwidth of the
'decision circuitry is approximately 1600 Hz and the threshold SNR
at the point of decision is approxiMately +10 db. The theoretical
error rate at these conditions is one error per 109 bits. The

control data is presented in complementary form to the Station
Control Logic.

Figure 6-17 is a schematic diagram of the Transponder Station
Control Data Demodulator. The logic elements shown are RTL cir-
cuits from the Philco MW3 logic family. This section presents

. brief circuit descriptions and some of the design considerations

for these circuits.

6.3.1 Predetection Input Filter

The predetection filter is a three-pole bandpass filter. The
center frequency is 18.76 kHz and the bandwidth is 15 kHz. The
noise bandwidth is a maximum of 16 kHz. The nominal time delay

of the filter is to be 35 *12 microseconds with variations due to
énvironmental conditions to be less than 10% of the nominal. The

*
¢
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input signal level is nominally 1 volt rms. The output of the l
filter is attenuated to 0.6 volts rms in order to limit the total
dynamic range required in the phase detector.

6.3.2 Phase Detector Circuit

The phase detector circuit is used in both phase locked loops

and as the CAD in the lock indicator circuitry. It is basically

a pulse referenced,; chopped phase detector. The reference pﬁlsé
activates chopper transistors that alternately switch the phase
of the center tapped transformer output. The circuit presents a

2000 ohm impedance to the input signal and an appropriate imped-

ance to the reference source, The output is taken from the sec-
ondary center tap of the transformer and represents a 5.6 kilohm
‘source impedance. The gain of the phase detector is a function of
4input 1qvel and will be further discussed in the following

paragraphs.

The maximum input signal of the phase detector is £3.0 volts
on the input terminals of the primary winding of the transformer.
For signal levels above this level both positive and negative
clipping will occur. This is largely negligible, however, for
two reasons. First,vthe input signal will have only a small
percentage of noise peaks that will exceed the dynamic range,
’which means that the clipping efféct will be small. In addition,
the positive and negative clipping is essentially balanced,
which further reduces the offset voltage due to the dynamic limi-
tations of the circuit,.

6.3.3 VCO Circuit

An identical VCO configuration is used in both the subcarrier

and sub-bit phase locked loops. Only frequency and gain determi-
ning component values differ between the two VCO circuits. The )
component reference designations that are used in the following aﬁ
discussion are those of the 18.75 kHz VCO in the subcarrier loop. )

The VCO is a voltage controlled astable multivibrator. The B
control voltage as supplied by the loop filter is amplified in a

6-32 !



S ¢ i S ST 1S i St bt 8

S . e ‘ y— e g e C g s s P
A e, U S ) - =
AL it - e e | | o v LN m»ms pXEVR |
. vere 35 umn wot.!ua.- ' . ® , W..,a T e <
Goruretd 3 onens-a3 3 sessar e . mLTE= . —— e(iptd VAT O LT 3L L e
overss) onerg—ey ; s s gyt Bwew v YT INAvseniL, WHey 8%
. s mv = L a o . @ ‘%@Q
L L R T N :
- LI TH IS - , . Rq =
BOLIPYOOTYP Geanyy V. reovtvden - (i oy PP o S, %o..u s& 2 Yor
o~ cosomnm 8t 8o ..ﬂ..l wesy
B . WRSTESG KDL DSEY [y W\O‘Ud :0 e .3 .
| ) , : ’ 4 o.&»& &2 Treeny
. . h.ﬂﬁww mgw.ﬂh & & ro.«- -.uohw | d«@gq *oﬂ“
. ) 38t
el - & , §85°F 4o ﬂn.e - N  S——
] . . ] ABe -
dtemy 5% s, soeTET e < - A o4 . e
vivg 210123137 ‘ . e
e 272N ,
wze)
it .
LR el T of g 4
XBog
TR NC0AQ g3 mog
b ]
T

werey
3 4 T

L w_ il
s »§ ®
y . ) 8 3 o,hw i i & - , o'ﬂ%\h
~m § ot 1199 'y < _.Iﬂlﬁla ) . o 7%
‘ 4 o ,....l\ 401273133 n.t...u;
s . .
b T b ) .V{ In\_
Fed Mv Sl M 2 X
|

CshA g

l—m . BLOZVE w10 ..-M. -
oz o ‘ 2itng 3 : bo Ay
R\M i ewa»a.n.u\n hid
ooy *
‘ , 231410038 (2X)
SIALAHT TTMeg QY b AT IOA,
s, rx
Ry 1osINg ms
N ne H %
20 w B . - 5 .é.
~ [+=3 .
eeeene .\8 “p S& \omw\ . WL Y .
@Y% _ui.!.]. 17 .wv.{w.a b4 .Vu) o vsﬁnt rkv Fr .
| . ¥ [ 2 3t
by
'y o..ﬁ.‘ 1 <
L3 -
(X ] 18y iy Tin & b
i iy 5 Wt G
Rt et
% as %' 189
an T <O s s
Wi oy . , ,,
M Frrever MNOILS T LT Q 3 QQ o
€ - ,m
13 - ) N I M - r m ~ V“”’h.vﬁh
A

A TWIL I00aT0y



5

[ R———

[E—

%
!
A

stable DC amplifier and used to vary the return voltage for the
base timing resistors (R29 and R30) in the astable multivibrator,
The input stage of the DC amplifiler is a differential amplifier
that incorporates field effect transistors (FETS) for high input
impedance. A matched pair of FETS (Q5) is used for better tem-
perature stability. The double ended output of the first state
drives a PNP differential amplifier second stage (Q9 and Q1l0).
The feedback combination of R19 and R20 provides DC stability and

-gain control in the amplifier. R22 R23, and Q8 are biasing com~

ponents for the output stage. CR1l, CR2, and CR3 are temperature
¢0mpensation diodes. The €50, R124 combination is a rblloff net-
work that is used to prevent high frequency osciilation in the
amplifier. Q7 is used to prevent the amplifier from operating
until both power supplies are turned on. This is to avoid large
initial frequency offsets at turn-on, which would otherwise occur
if either power supply came on first. Other components are used
for bias control and current limiting. The output control voltage
is taken ffom the collector of Q10 and used to control the return

voltage of the timing resistors in the multivibrator.

The astable multivibritor is formed by Q1l1, Q12 and the various
Qias resistors. The timing function is controlled by C9, Cl0,
R29, R30, R24 and R25. The values of C9 and Cl0 are selected for
the basic frequency of the VCO. Glass capacitors are used for

- good temperature stability. R29 and R30 are 33 kilohm metal film

resistors, chosen for their temperature stability. R24 and R25
are selected components that are used to set the VCO frequency
initially by adjusting the voltage that is supplied to R29 and
R30 to the appropriate level. Q13, Ql4 and Q15 are used as an
isolation output amplifier, which provides the required output
drive capabilities., v ‘

The VCO used +8.2 vdc and -8.3 vdc power sources. The supply
voltages are zenered to *6.2 vde, using 50 ppm temperature compen-
sated zener diodes for thermal stability of the supply voltages.
Each VCO requires 10 ma from each of the two power sources for a
total power consumption of 160 mw in the VCO unit.
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' The VCO design is very stable., A frequency drift of only *0.3% iﬁ
was measured over the temperature range from —25°C to +85°C. The
VCO gain in Hz/volt may be varied over a range from 0.2 to 1.0
times the center frequency With no éhange in the performance. The
gain is stable to within %5% over the entire temperature range.
The circuit is versatile and can be used over a wide frequency
range with minor changes in the circuitry.

6.3.4 The Subcarrier Reference Loop Design

i This section is included as a summary of the design,paramefers'

for the subcarrier phase locked loop. This represents the final
implementation of the loop and the final circuit design goals.

Loop Gain

The overall loop gain, KV, is a composite of the phase detec-
tor gain, K*’ and the VCOigain, Kyco- Neglecting’the loss in the
loop filter, which is 1ess than 10% with the high input impedance
VCO, the loop gain is: |

Ky = Xy Kyeo

The gain of the phase detector is expressed as:

]

1
i
A

_ EP (input)
90°

Ky
For an input voltage of 0.6 volts rms, the value of K¢ for the

subcarrier loop is 10 mv per degree,

The value of Kygo was set at 4000 Hz/volts, resulting in a
loop gain, Ky, of 14,400 sec~l,

Loop Filter Design

With the loop gain known, the values of T; and Tg for the loop -
filter may be calculated for a given loop resonant frequency, Wp.
The subcarrier loop bandwidth, By, was set at 50 Hz. W, is then
881/3/2 or 96 radians per second for a damping factor of 0.7.

{
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The filter time constants are determined as follows:

2 , %
= 1.53 se?onds ! ’

= 0.0147 seconds

An additional pole is inserted in the loop at 650 Hz for the pur-
pose of removing the phase detector SWitching transients.

Loop Performance

The loop acquisition time is expressed as:

NG SN O))
! | L LS

f 3 !
The total frequency deviation, AF, is 130 Hz. (40 Hz due to maxi-

mum phase detector offset and 90 Hz due to maximym frequency
drifts in the VCO.) The resultant lock time for BL = 50 Hz is

0.7 seconds.

The pull~in range of the loop is defined as:

R:-}T-/w o

n

The pull-in range of the subcérrier is in exéess of 300 Hz. The
limiting constraint upon the loop is imposed by the input signal,
however. The modulation technique generates 400 Hz sidebands of
the 18.75 kHz subcarrier, the first of which is only 1.2 db lower
than the subcarrier. The frequency drifts must not exceed 200 Hz
from the center frequency of 18.75 kHz or the loop will acquire
the sideband. This will be no problem, however, since thé maxi-
mum drift of the VCO is limited to 130 Hz.

6.3.5 (X2) Rectifier Circuit

The X2 rectifier is an AC coupled differential amplifier stage.
The complementary outputs of the amplifier transistors are summed
into a 500 ohm load through emitter follower driver stages. This
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allows an effective AC source impedance of as low as 20 ohms,
while maintaining a high load impedance on the differential
amplifier transistors, Q16 and Ql7. A voltage gain of 40 is
- inherent in the device. The subcarrier loop output is 0.5 volts
peak—-to-peak, the attenuation of the low pass filter on the in-
put is approximately 16 ioll. The resultant output from the
rectifier is a 1.2 volt peak—to—peak pulse wavefgrm.

L3

s

6.3.6 The Sub-Bit Loop Design | *

This séction is included as a summary of the'&esign parametérs'
and special considerations for the sub-bit phasé locked loop.
This represents the final implementation of the loop and the final

circuit design goals.
i ;

Divide by 4 and Phase Shifter

The VCO is operated at four fimes the input frequency to the
loop. This is done primarily to simplify the loop. The VCO out-
put, Fr/4, is divided byifour'to furnish the subTbit sync, F1/16,
the data dump signal, f{?fg, and.the sub-bit loop reference sig-
nal as discussed below. ;The divide by four unit)is a two-stage
éray Code counter. From such a counter, the FL/iG signal, its
complement and the +900 phases of the F1/16 signal may be obtained.

Delay Removal Unit

The function of this logic element is to_prodﬁce the required
reference signal for the‘sub—bit loop. The signal, (Fy/16)
(Fy,/16. /+90°) + (FL/16)(FL/16 /[+907), is formed in logic gating.
This signal is inVerted and drives a monostable multivibrator
with an output pulse width equal to the total delay, A, that
must be removed. This monostable output is used as the trigger
pulse to shift the Fy/16 signal into a flip-flop. The output of
this flip-flop is the reference signal Fy/16 delayed by 90° plus
A, the required delay. The timing diagfam of Figure 6-~18 shows
this procedure and the acquisition mode timing relatibnships.
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TRAQSMITTED SUB=BIT — , A
RZ MODULATION 1 L ] '
—plAi«- g
DELAYED RZ MODULATION' — | | |
[ D |
DELAYED RZ (X2) — |
TO SUB~BIT LOOP
REQUIRED SUB-BIT SYNC | 1 |
PHASE (F;/16)
F./16 /+90° . '
L E L i |

i

‘ . 500 R N N N R D R
FL/}G 0] FL/16 /+90 ‘

DELAY MONOSTABLE

s (I e B - S o |

REFERENCE SIGNAL TO

SUB-BIT LOOP DETECTOR | g T |

NOTE THAT A +90° PHASE RELATIONSHIP,
EXISTS, BETWEEN THE LOOP INPUT SIGNAL
AND THE REFERENCE SIGNAL, THE LOCK
MODE CONDITION IS THEREBY SATISFIED,

Figure 6418, Timing Diagram of the Sub—~bit
Timing Reconstruction Method.
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Loop Design Parameters and Performance

i

Based upon the equations presented above, a summary. of the
' )]
sub-bit loop is as follows:

%
_ ! ‘

The phase detector gain, Ky, is 6.8 mv per degree

. The VCO gain, Kypg, is 1700/4 Hz per volt,

The loop gain, Ky, is 1100 sec™1 |

W

For Bj, equal to 18, @, is 31.4 radians per second, T) is
- .1.05 seconds and To9 is 0.037 seconds :

4]

The resultant lock time, ty,, is 0.055 seconds
6. The resultant pull-in range, R, is *20 H=z
7. The maximum frequency deviation, AF, is *8 Hz.

' 6.3.7 Lock Detection Indicator

- The lock detection circuit incorporates a CADi which is the
ﬁhase detector circuit operated with a quadrature reférence sig=-
nal. The input to the loop is the RZ X2 signal output from the
fectifier. The output of the CAD is heavily filteréd to extract
ﬁhe DC component of the signal, which drives an ihverting DC
émplifier with a gain of '20. The output of the amplifier drives
é logic gate that provides the lock indicator signal. The DC
amplifier has an offset adjustment for adjusting the lock indi-
cation threshold. The output signal is a logic "one'" when full
lock is accomplished in the demodulator. '

6.3.8 Integrate and Dump Circuit

The timing diagram of the data detection scheme was shown in
Figure 6-16. The RZ signal, which contains encoded complementary
data, is integrated in a long time constant integrator (t = 3.2
ms). The integration time is one-half the sub-bit period less
the VHF link delay, approximately 600 microseconds. The signal
ﬁZ7T€ is used to drive an inverting buffer that in turn drives
fhe dumping transistor Q39, which essentially shorts fhe accunmu=
lated DC voltage on the integrator capacitor C29 to ground. The

|
|
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yoltage transition that occurs on C29 is couplediinto a high gain
émplifier (Ay = 250). Tﬁe amplifier output is coupled into a *
threshold circuit (RllO,xGlo and CR13) where a logic "one" is
generated from Gl0 if a data logic "one" was dumped. An inverted
strobe pulse that was initiated by Fp/16 enables the data to be
éoupled to the steering input of a'flip—flop, inéorporating a
monostable multivibrator to maintain the data information until
the strobe pulse clocks}?t into the flip-~flop. The complement of
the data is presented to the Station Control Logic for use in ’
system acquisition and control.’ . |

6.3.9 Power Supply Decoupling

All power lines are filtered with the standard AROD filter
modules. In addition, z?ner regulation is used on both the %9
vdc power supplies wherever they are used in the.demodulator.
The heavy decoupling is used to reduce the spurious‘signals on
fhe power lines to the lowest possible value, and to lessen the

susceptibility of the demodulator to noise inputs.

6.3.10 Test Results

% This section is intenaed to éummarize the tesfing that was

'berformed upon the Station Control Data Demodulator and to evalu-

ate its performance with respect to the system requirements,
Three such demodulators were built and tested for use in the AROD

system. : 1

In each unit, the VCO's, the phase detectors and the pre—
detection filter were separately tested to determine their
characteristics before they were combined into the subsysten.

The VCO's of S/N 1 and S/N 2 showed a maximum frequency deviation
of *0.3% from the center frequency. Those of S/N 3 showed a
maximum of *0.4% deviation at the high temperature extreme. The
VCO gain was generally stable from unit to unit. With only one
éxception, the maximum offset in any phase detector was 2 milli-
volts. The exception to this was the S/N 3 CAD, which measured
as high as 9 millivolts at the high temperature extreme. The

f

&

C g-41



filter characteristics were as predicted except for the delay,
thch was smaller than anticipated. The SN 3 f{lter was "
élightly more narrow in bandwidth, but this is ndt a ﬁroblem.
All measurements are within specified limits and the discrepancy

itself may be traced to component tolerances and measurement
error.

[l

The phase locked loops were then tested, according to the test
prOCedure, The phase response of each loop was measured. The
iirstrtwo units matched ﬁhetheoretical response. . The third sub—:.v
system loop responses indi¢ated?more narrow bandwidths than theo-
retically predicted by 10-15%. This error is not significant and
will not appreciably affect the performance of the demodulator.

The third phase of testing consisted of acquisition and data
error measurement tests Qn the demodulator. If frequency devia-
fions are small, the unit will acquire at 5 db below fhe intended
threshold. The lock indication when the unit has acquired is
reliable to 4 db below the intended threshold and no false "locked"
indication is generated even with large noise 1eVels imposed upon
the demodulation input. At the specified threshdld level, the
subcarrier was forced tozacquire with signal freduency deviations
of *100 Hz in the 18.75 kHz subcarrier over all environmental
conditions. The low tolerance is lessened by.50sz at -250C
because of the effect of increased offsets in thé phase detector
due to clipping of noise peaks. Such offsets drive the VCO '
higher in frequency and force the unit to acquire with a large
frequency offset. In every instance, however, 18.75 kHz was
acquired. Similarly, the sub-bit loop acquifed with offsets of
15 Hz. In each case, acduisition was hot "worst case'"., The
“numbers given represent "quick-acquisition' limits, not extremes

or absolute limits in range.

1

The error rate was in line with predicted levels. At +25°C,
the probability of bit error was L.5 to 2.5 x 1079 at the defined
threshold. This is approximately 0.5 to 1.0 db below theoretical
in actual threshold level. The error is attributed to phase

?§;
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offset in the matched filter, phase jitter in the sub-bit sync
signal and test equipment accuracy limitations. *

The sub-bit sync timihg is reconstructed to within 20 micro-
seconds with a maximum peak jitter of 80 microseéonds‘at thres-
hold. This represents the performance over the entire thermal
environmental range. The errors are larger than the design goal,
but the system analyst has verified that the demodulator should

still perform adequately in the presetting of the transponder
L-code. |

The demodulator required 1.12 watts of power. This is sup-
plied as follows:

+9.0 vdc at 52 ma
+3.5 vde at 42 ma i
-9.0 vdc at 56 ma ‘

This is within the constraints of the specified goals.

The Control Data Demodulator is technically sound. The demod~-
nlator performs all of the required functions and will acquire in
a minimal time. It is rgalized that a large circuitry require-
ment exists. This is a direct result of the complexity of deriv-
ing the data and supplying the associated signals with the required
precision in timing that is required in presetting the code.

The phase detector has a limited dynamic range. This results
in noise peak clipping and voltage offset in the phase detector
output. This condition is only a problem at cold temperature
extremes (-25°C) and will not be a problem in the transponder
application because there is a temperature rise in the equipment
above the ambient envirohmental conditions. Should future appli-
cations require the elimination of this effect, however, a new
detector configuration or limiting of the input signal dynamics
could be incorporated. ' '

The equipment is built with a minimum'of selected components,

Component tolerances create performance deviations, but these are



‘minor and do not affect, in any significant way, the overall per-
formance of the demodulater., The circuitry is not critical and-

will perform to the specifications imposed upon it by the require=-

ments of the AROD system.
6.4 STATION CONTROL LOGIC

The station control logic directs the sequence of operations

of the transponder station. It decodes, verifies; and operates

on the VHF data from the vehicle to provide the necessary signals .

to other transponder subsystems. The station control 1ogic also
generates and formats the S-~band data to be transmitted to the
vehicle via the S-~band 11nk

When the transponder station is in the TRACK mode, the S-~band
transmission link may be nsed to transmit external data, such as
a complete new program oflmemory data, to the vehicle. . Input
gates and clock pulses are provided for this purpose However,
external equipment must be used to encode and generate the re-

quired S~-band transmission data and control codes,

The station control'loéic is designed to respond to, four
different site ID's, i.e., to simulate four transponder stations.
The four site ID codes are purposely arranged in such a manner
that four of the six .bits of the ID codes are common among the
feur site ID's, Any combination of these four bits may be
selected by a bank of ID switches. The remainingftwo bits
identify the individual sfite ID. The priority of the four site
ID's is arranged on a first-come-first-serve basis. Once a given
site ID is detected and verified a priority signal is generated
to inhibit the verification of all other site ID's, The control
legic for the detection and verification of three of the four
site ID's 1is packaged in one micro~harness module so that the
transponder station may be readily modified to respond to only
one site ID.
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o 6.4.1 Detailed Functional Description

LS
!
The transponder station control logic consisté of eight micro~- .

harness modules. All these modules are housed in one mother
board. A simplified functional block diagram of the station con-

trol logic is given in Figure 6-20., The functional biocks enclosed
by the dashed line are used only in the test model transponder

statlon to simulate four transponder stations at one test site.

VHF Data Flow i

A major portion of the .station control logic 58 used to con-
g trol the flow of the VHF data. The data flow diagram is given
in Figure 6-21, The station control logic is normally at the
standby mode until the Data Channel Lock signal from the VHF
demodulator becomes a ONE. The demodulated sub-bit data are then

FRNS—

) serially shifted into the input data register at’' the sub-bit rate

i until a sync word (111000) is detected. The detection of the |
sync word sets the station control logic to'its operational

B routine. If the next two sub-bits following the sync word

represent the event marker, which indicated the beginning of a

major frame of VHF data, the combination of the event marker and

sync word is used to turn on the main power for other subsystems,

t The transponder station enters the standby mode. ThlS combined

e slgnal is also used to start the 16-~frame counter, reset the 5-

minute timer and preset the L-code in the Code Control subsystem,

Once a word sync is detected, regardless of the status of the
event marker data bit, the station control timing generator is
initiated to generate the necessary timing pulses to decode and
verify the VHF data, The VHF data format is given in Figure 6-22,

Word | Event Control

g Sync |Marker| Site ID Code | Message Freq
I e .- —le -

Bit Position 1]2(3| 4 516(7|819{10 |11|12]31 {14}]15

Figure 6-22, VHF Data Format
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All VHF sub~bit data following the e%ent marker, data bit #4, are
decoded. If the site ID code, data bits #5 through #10, is veri-
fied, the control message and frequency data are strobed into the
pertinent registers. If the site ID is not verified, the control
message and frequency data are inhibited until the next minor
frame. The decoding and verification operation continues as

long as word sync is detected. However, if no site ID is veri-

fied after 16 major frames, approximately 2.5 seconds, the output

of the 16-frame counter resets the various contrbl message flip-
flops and signals the coge,control sub-system to return to state
T-0. This particular reset operation is not a necess1ty at this
fime but only as a convenience. A detailed desc§1pt10n of the

16 frame counter may be found in Section 6.4.2.

When the site ID code is verified, the control message data
are routed to the control message detector, and the frequency
data are shifted into the frequency storage reglster fllp flops.
The control message detector is arranged in such a manner that
the first control message so detected must be the ON (0ll) con-
trol message. When the ON control message is detected, the ON
flip-flop is set to enable the detection of all other control
messages The ON flip- flop also enables the transmitter to
transmlt S-~band data to the vehicle. The station control logice
retaxns its status quo untll other control messages are detected,
When the TRACK (101) control message is detected, the station
control logic signals to remove negative doppler, After the
negative doppler is completely removed, the station contrpl logic
changes the 2nd sub-bit of the station status data from a ONE
to a ZERO and transmits this bit of information to the vehicle

via the S-band link. The transponder station is then considered
to be acquired,

To release the transponder station, the vehicle must originate
the RETURN TO STANDBY (000) control message. When such a message
is detected, the station control logic immediately disables the
S~band transmission link and resets the TRACK flip-flop. The
éETURN TO STANDBY message is stored in the RTS flip~flop for the
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next three major framesf If the previously selected site ID code

reappears during this interval, the station cont&ol logic uses"

the stored RETURN TO STANDBY control message as %he condition to
feacquire the VHF signal. However, if the previously selected
site ID code does not reappear by the beginning of the tﬁifd
major frame after the RETURN TO STANDBY control hessage is re;
ceived, all ON flip-floﬁs are reset at P5 time to enable the

transponder station to select the appropriate new site ID.

Test Model

The station control logic is designed to simulate four trans-
ponder stations and responds to four different site ID's. The
functional blocks for the simulation logic are enclosed by the
ﬁashed lines in Figure 6?20, This portion of the log@c is packaged
ﬁn one micro-harness mOdule, such that the statibn control logic

‘may be readily modified to respond to only one site ID with .

«

minimal redesign efforts.

. Four site ID detectors are shown in Figure 6—20. They are
labeled as site ID detecitor X0, X1, X2 and X3, where X represents
the four higher order bfts of the site ID code while O, 1, 2, and
3 are -the decimal equivalent of the two low order bits., The four
high order bits of the site ID code for a particular transponder
étation are determined by the settings of the siie ID switches
mounted on the front panel., The two low order bits are pre-wired,
ﬁt is obvious that the flour site ID codes associated with the
particular transponder station differ from each other by two bits
‘at the very most, | ’

A single ON control message detector is used to control the

output of the four site ID detectors. When the Code Control is

in state T—O, the ON detector is inhibited. When the Code Control
is not in state T-0, the ON detector output is logica}ly combined
with the outputs of the site ID detectors and the pribrity deter-
minatbr to select the appropriate ON fiip-flop. When the priority
determinator is not assigned to any particular channel, the first
éorrectly received site ID control and the associated ON control

i | 1 f

4
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message are gated through the ON control logic to setlthe pertin-~
ent ON flip-flop. The output of the selected ON flip-flop sets
the priority determinator to select and operate only on that
portion of the input data which are associated with the selected
site 1D,

Normally the RETURN Td STANDBY control message reverts the
transponder station to the standby mode. However, such an action
causes complications in the test model. If the RETURN TO STANDBY
control message is due to a drop—out, channel pf;ority must be
retained sozas to reacquire the same signal. On(the other hand
if the RETURN TO STANDBY is due to maximum range, the priority
determinator must revert to first-come-first—serée operation,

The station control logic is designed to treat the RETURN TO
STANDBY control message as if it were due to a drop-out until

further clarification is received from the vehicle.

When the RETURN TO STANDBY control message is:received, the
station control logic resets the various control message storage
flip-flops, instructs the Code Control to return to state T-0,
énd disables the S-band transmission link. The information
stored in the priority determinator is retained for the next
three major frames. If the previously selected site ID reappears
during this interval, i.e., the RETURN TO STANDBY control message
is due to a drop=-out, th¢ station control logic éroceeds'to
operate on the reacquirea signal, If the previodsly selected
site ID has not reappeared by the third major frame, the priority

determinator is then reset to accept other site ID's.,

S-Band Data Format

The S~band data are transmitted to the vehicle in a 10-bit
data format as shown in Figure 6-23, The first 3 bits (6 sub-bits)
are used as word sync, which is represented by the sub-=bit pattern
111000, Bits 4 through 9 are the site ID code. The last bit
transmits the station status, The significance of the two station
status sub-bits is given in Table 6-4, The first sub-bit represents
#he status of T-AH and the second sub~bit represents that of the
doppler-reverse-complete (T-DRC).

6=-50
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Sync _ Site ID Status

Figure 6-23. S~Band Data Format

i
§

ety
|
1
i

. The S~band data rate is approximately 50 bits per second
'Each data bit is encoded into two sub-bits. A ONE in the site

ID data is encoded into a ZERO followed by a ONE, while a ZERO

is encoded into a ONE followed by a ZERO. The resulting trans-

g mission rate is approximgtely 100 sub-bits per second.
i §

[REREREY §

g ' 4

‘ , : !
é .

TABLE 6-4, Station Status
o

M Status Bit 10
| 5 | | st 2nd
g ; T-Ay | T-DRC | Sub Bit | Sub Bit|
? 0 0 0 1
= 0 1 0 0
i 1 1 1 0
1 0 1 1

) f | 6-51 |



6.4.2 Station Control Logic Implementation

This portion of the rgport contains a detailed description of the
logic diagrams of the station control logic. The drawings
referred to are detailed logic diagrams and are quite' bulky;
therefore, they are not distributed to the entire distribution
list. These drawings are furnished only upon request. It must
be pointed out that these logic drawings are production drawings
which may be modified slightly during the remainder of the program,

VHF Timing Module

The VHF sub~-bit sync pulses are used to generate the necessary
timing pulses to operate on the received VHF data. The logic for
generating these timing pulses is shown in the VHF Timing Module,
logic diagram #69-24440G. | .

The VHF sub-bit sync,iwhich is a train of pulses, is gated
through G20, G21, G9 and D2. The output of D2, labeled 2CLVHF’
is used to trigger the appropriate flip~-flops directly. Gates
G20, G21, and G9 are used to equalize the delay so that the out-
put of these gates may be properly controlled, Eor example, the
trigger input to FF3 goes through same number of'gates and driver
as that of FF2 in relation to the VHF sub-bit sync, even though
the two trigger pulses come from different paths. |

F¥3 is connected as simple binary counter, which divides
2CLyyp by 2 to obtain CLyyp 2nd EE;EET Word sync is gated
through G135 to reset FF3 so that CLVHF can always correctly de-
code the sub-~bit data following word sync. The sync pulse also
sets FF2 and resets FF¥1l and the ripple counter, F¥F4, FF5, FF6,
and FF7, The state of the counter is always 0 immediately
following the trailing edge of the sync pulse, and starts to count
CLyyp Pulses through gates G16, G18, and G12. At a count of 5
(0101) the negation output of G22 attempts to transfer the site
ID data from the input data register into the ID data register.
The actual transfer is executed only if the transponder station
priority has not been assigned. In the meantime the received
éite ID data are compareﬁ with the four site ID stored in the
transponder station,
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4 ‘ When the counter reaches a count of 1010 (decimal 10), the
output of G7 is gated w1th -EE;;;T“T to reset FF2 The ZERO *
output of FF2 inhibits G13 and G16 while the ONE output enables
Gl7 to change the input to the counter from the CLVHF rate to
that of 2CLVHF Finally at the 14th (1110) count the output G6
enables Gl to set FF1l, which inhibits Gl7. The counter stops
countlng unt11 the next word sync is detected} The relationship

between the various timing pulses is given in Figure ?.

input Data Register Module

The Input Data Register Module (69-24436G) accepts the sub-
bit data from the VHF Data Demodulator when the Dbata Channel
Lock signal is a ONE. If the channel is not locked to the vehicle,
only ZERO's are shifted into the data register flip-flops.

Sub-bit data are shifted into a 2-stage shift?regieter, flip~- -
flops FF3 and FF2. The contents of the two flipolpps are mod-2
édded in Al to check for parity errors. Only those that are

coincident with CLyy. are stored in FFl. Word sync (111000)
always generates two such errors, Therefore, it is necessary
3 to reset FFl with the sync pulse‘prior to the arrival?of the
site ID data, , :
Y i FF3 ;nd FF4 through FFlO form an 8-~stage shiff register. The
shift clock to FF3 is fifed at the sub-bit data rate, ZCLVHF’ and

] that of FF4 through FF10!varies with function of the shift
e - register, either at 2CLV£{F to detect‘word sync or at CLVHF to

) store data, The two inputs to D1 come from the VHF Timing
wj ; Module. When the system is searching for word sync, the DATA CL
input is low, which enables 2 Chyp(3) through D1 to shift FF4
through FF10 at the same rate as FF3. When a sync word is de-
tected, DATA CL becomes a square wave, which effectively changes
fhe output of D1 from ZCLVHF to CLVHF for the next eleven data
bits., This is the procedure employed for decoding the site ID,

3 control message, and frequency data from the sub-bit data. If
! ho parity error is stored in FF1l, P5 is gated through G18 in an
attempt to transfer, in parallel, the site ID data stored in FF3

1
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ID Data Reglster Module

ﬁhrough FF8 into the ID Data Régister, as described in 3.1, The
control message and frequency data are decoded 5'bits later at*
P10 by the Control Message Detector module, i

‘The TRANSMIT ENABLE signal (output of G16) is part of the
site ID priority determination logic. Its operation is more

vclosely related to that of Logic Module A and Logic Module B,

[

i
The ID Data Register Module (69—24432G) con51sts of the word

sync detector and a 6-bit’ shlft ‘register and 1ts control ‘gates,
The shift register accepts the 6-bit site ID data in parallel
from the Input Data Register when the transponder station
ﬁriority has not been asSigned. It also stores dnd recirculates
the selected site ID for the S-band Data Encoder.,

The shift register, FFl through FF6, is contrdlled primarily
by two signals, SELECTED! {ON and TRANSMIT ENABLE ‘ These two
51gnals are closely related to each other, and are deflned in
Section 3.5. The SELECTED ON signal controls thé data drop-in
gates G3, G7, G10, G13; Gl17, G20 and G22, while TRANSMIT ENABLE
indirectly controls G4, G5, G8, Gll, Gl4, G18 and G21. Only one
éet of gates can be selected at a time, however both can be
inhibited simultaneously. When SELECTED ON is a ZERO, TRANSMIT
ENABLE is necessarily a ZERO, the data drop-in gates are enabled
to accept site ID data from the Input Data Register, ‘"The data
iines are labeled as FFA, FFB, FFC(2), FFD(2), FFE(2),. and FFF,
where FFA is the high order bit and FFF the low order bit, These
data are strobed into the shift register once per minor frame by
TD STROBE through G22 until the proper site ID is selected. The
SELECTED ON signal then becomes a ONE and inhibits the data drop-
in gates. When TRANSMIT ENABLE becomes a ONE, the output of D2
enables the other set of gates to recirculate the selected site
ID data under the control of the S-band'logic at.G21,




j
- The combination of G25 and G26 is arranged to;detect word
sync, 111000. Output pip #9 of G26 is gated with FFB and FFA
§t G23 to detect the eveht marker, such that G23 is effectively
detecting an 8-sub-bit code of 11100001. The output of G23 is
labeled PRESET and that of G16 PRESET. Each PRESET pulse rep-
resents a major frame. The PRESET pulse is used,by the Code
Control Subsystem to preset the L-code as requiréd.

Control Message DetectoriModule

The Control Message Détector Module, #69-24428G, decodes the
various control messages and stores the frequency codé and other
pertinent data. % |

i
. Flip-flop FF1l stores one of the four site ID'é}aSsociated with
ﬁransponder station, Gate G25 detects site ID céde XXXX00. The
XXXX portion of the code is labeled as ID ENABLE (pinf#G of G25).
It represents the four high order bits of the ID code and is
selected by setting the ID switches to the right combination.
The output of G25 is shifted into FFl by the ID STROBE pulse at
P5. The ZERO output of FFl enables Gl to store the ON control
message in the ON f11p—flop in Logic Module A at 'Pl0 if there is
no parlty error and statlon priority assignment. g If the station
priority has been assigned to a given ID code the output of Gl is

1nh1b1ted in Logic Module A,

§ The 2-bit frequency data are stored in flip-fiops FF2 and FF3,

ﬁata are strobed into these two flip-flops once per minor frame

at P10 until a site ID is selected. After the station priority

- has been assigned to the selected site ID, only the ON PULSE is

~allowed to shift the frequency data into FF2 and FF3, This
'particular implementation is necessary in order to take care of
the case where the first proper site ID_code is received correctly
while.the ON control message and/or the frequency data have one.

.ér more bits in error, éates G8, Gll,:Gl4, and G16 decodes the
frequency data to provide four channel frequency;outpqt lines.

' fhe channel frequency assignments are given in Table 6-5. The

four output lines, output of D1, D2, D3, and D4, are normally ZERO

)
i
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TABLE 6-5. Channel Frequency Assignmént

Changel FFr3 FF2 &
Al 0 0 ‘
B 1 1 @
. C 1 0
¥ o D 0 1 ;

(low) until all data are!correctly réceived The select channel.
?requency line becomes a ONE as the TRANSMIT ENABLE 51gna1 becomes
a ZERO. Three additional outputs, Po' Pl’ and P2 are provided
for the divide by k 1og1c in the Divider, Synthe51zer Loop for

proper frequency generatlon ‘

The ON control message is decoded by G28. When. the Code
Control is not in state ? -0, G28 always detects the 3-bit com-

bination of 001 (high order bit first). However, the@output of

G28 is significant only'at P10. The right code occurring at
the wrong time is inhibited. The decoding of the other control
@essages is deferred until a site ID and its ON control message
ére correctly received. 'Gates G26 and G27 are arfanged'to : '
@ecode'1X1 and 00X respectively and are controlled by*thevaﬁ—ﬁﬁigf:
fhe inverse of G26, 1XI, is combined with FFD at G18 to detect 111,
which indicates that the new program data loaded into.the vehicle
memory contain parity error(s). Similarly G20, G21, and G23
decode respectively the TRACK (101), RETURN TO STANDBY (000), and
LOAD MEMORY (001) control'messages.

'Flip-flop FF4 is a simple binary counter which divides L +

59
L127 by 2 to generate the S-band clock CLSB and CL SB fqr the

Encoder Module,.

Logic Module A and Module B

{ Logic Module A (69-24420G) and Logic Module B (69—24424G) con-
§r01 the basic sequence bf‘operation. Logic Module B is required
6n1y in the test model to simulate and respond three additional
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site ID's. The three site ID codes are: XXXXOl, XXXX10, and
XXXX11, where the high order bits are pre-selected by the site*

ID switch bank. The test model transponder stat&on can be readily
converted to a normal single site ID station by replaéihg,Module

B with interconnecting wires.

The ID ENABLE signal to Logic Module B is normally high, Whén
the four high order bits of the site ID code match the settings
v pf the XXXX position of 'the ID switch bank, the ID ENABLE signal.
becomes ZERO to enable G211, G22, and G23 to check theirémaining ' a1
two bits of the site ID code. G21 responds to 11, G22 to 10, and
G23 to 01. The XXXX00 ID gate and storage flip—flops~are located
in the Control Message Detector module (see Section 3.4). The

received site ID code is; compared once per minori cycle with the
four stored ID codes. A%y match is shifted into. the appropriate
ID storage flip-flip, FF1, FF2, or FF3, by the ID STROBE pulse.
(Site ID storage flip-flop for XXXX00 is located in the Control
Message Detector module). Only one of these four flip-flops can .
be selected at any minor cycle., The flip~flop so selected enables !
the 5;; + ERROR pulse to' sample the control message. If the con- «
trol message is ON (011)' the corresponding ON flip-flpp, FF4, FFS,
or FF6 of Module B or FF1 of Module A, is set to assign the station
priority to the selected site ID, This is accomplished by com-
bining the set output of the ON flip~flops in G2?, Module B. The w
setting of the ON flip-fiop changes the output of G27,
SELECTED ON, from a normally ONE signal to a ZERO, Gates G24,
G25, and G26 of Module B and G25 of Module A are inhibited by
SELECTED ON, which effectively retains the ON control message in hE
the pertinent ON flip-flop, while excluding the other three flip- 4

flops from setting, The transponder station is considered

locked to the selected channel and responds only to the control
messages associated with that particular site ID. . |

! The above description may be better illustrated by an example,
Assume that the transponder station has been in the STANDBY mode z



7
s
!
3

| . !

for sometime, and XXXX11 is the first correctly received site ID
code. Gate G21 of Module B conditions ID storagefflip-flop FF1l-~
to be set by the ID STROBE pulse, while simultaneously resetting
the other three ID storage flip-flops. If the next 5 data bits,
which must be the ON (011) control message and fréquenby code,
are correctly received; i.e., no parity error, the P10-+ ERROR
signal is passed through G6 to set FF4., Setting FF4 to a ONE
forces output pin #8 of G27 to be a ZERO. The SELECTED ON signal
is routed to G16 of the Input Data Register module, 69-24436G,
ahd to, D2 of the 5-minute' tlmer module, 69—24473G The output

of Gl6 is used to enable the ID Data Register to re01rcu1ate

the ID Data as needed, and to 1dent1fy the selected channel fre-
quency. The output of D2, which is labeled SELECTED ON, inhibits
fhe ID strobe and data drop-in gates in the ID Data Register and
the ON control gates, G25 of Module A and G24, G25, and G26 of
Module B, thus ignoring ail subsequent ON controlémeSsages. Thé

ONE stored in FF4 automatically assigns the station priority to
site ID code XXXX11. The transponder station ignores all other
site ID codes and responds only to the control meSsages associated
w}th the selected site ID, excluding the ON contr?l message . '
These control messages aré sampled only once per major cycle by

ON PULSE, which is generated by combining the output of G8 and

FF4 at G12., 1If the selected site ID and/or its control message
data are received with parity error, no ON DPULSE signal is gen-
erated, When the TRACK control message is detected, it is stored
in flip-flop FF6 which initiates the necessary signalé for re-
verse doppler operation. The LOAD MEMORY and LOAD MEMORY ERROR
signals when detected are respectively stored in FF7 and FF8,

Both of these flip-flops are reset when the load memory operation
is completed, '

The RETURN TO STANDBY (RTS) control message normally resets

'the transponder station to the standby mode, If ﬁTS is due to

aisignal drop-out, the transponder station is ready to respond
tb the reacquisition operation, If RTS is due to max imum range,
the transponder station remains in the standby mode until it is
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shut off by the 5-minute timer logic. However, the test model
transponder station operates in a flrst—come-flrst-serve basis.”
The RTS signal is always '‘treated as if due to a drop~out until
further clarification is received from the vehicie. If the pre-~
viously selected site ID reappears within 3 major frames after '
RTS, the station control logic simply locks to tne reacquired

sxte ID and proceeds on to its normal operating rYoutine., If
reacqu1S1t10n is not accompllshed in 3 major frames, the 1l6-frame
counter generates a DELAY RTS s1gna1 to erase the statlon priority.
The transponder station is forced to the standby mode., All ON
f11p flops are reset to respond to any site ID' s assoc1ated with
the test model transponder station. The DELAY RTS loglc is

glven in the Input Data Reglster Module, drawing number 69-24436G,

The ON or TRACK control messages from the vehlcle are re-
peatedly transmitted to the transponder station. § If elther
control message and/or its associated site ID are recelved with
parity error, the station control logic ignores the pertinent
operation until all data are correctly received. On the other
hand the RETURN TO STANDBY control message is transmltted only
once IT the transponder station fails to decode RTS for any
reason; it also fails to respond to any and all subseduent new
site ID's. The 16-Frame Counter, FF2, FF3, FF4, and FF5 of
69—24420G, and its associated logic gates are used to solve this
exact problem, Assume that RTS is transmitted bx the vehicle and
is not properly received by the transponder station. If RTS is
due to a drop-out, the vehicle retains the old site ID and
transmits an ON control message at the very next major cycle,

The station control 1ogic decodes and recognizes the old site

ID and its ON control message as if nothing has happened, while
keeps on transmitting the old site ID and whatever station status
data may be available at the time via the S-bandilink. However,
ﬁhether or not the vehicle S-band receiver canrreacqurre the
fransponder station signal depends upon the T-state at which the
drop-out occurs, If it occurs prior to T-DRC, the vehicle S=band
receiver can probably reacquire the transponder station signal

B
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without difficulty. 1In case that the vehicle fails to reacquire
Fhe transponder station in 4 seconds, it transmits another RTS®
control message. At which time the vehicle either replaces the
0ld site ID with a new one or retains the old one for additional
4-second intervals of reacquisition time. Thetvehicle makes its

decision according to the following rules:

1. If the pertinent site ID is the oldest, it is released
{ and replaced by a'new site ID. from the vehicle memory.

i

2. 1If the pertinent site ID is the newest, it is &eleaséd

and replaced by its alternate site ID,
. i

; 3. If neither one of the above rules applies? the pertinent -
; site ID is retained and given additional reacquisition

| | time, at 4 second intervals, ‘

If RTS is due to maximum range, the subsequent verifications of
the new site ID and the previously selected ON flip-flop do not
match, As a result no ON PULSE is generated.tb'reset the 16-
frame counter, which counts major frames; i.e. , PRESET pulses.

At a count of 16 (0000),~approx1mate1y 2,56 seconds, G26 of
69-24420G generates a signal at P5 time to force the transponder
station to the standby mode, which leaves the transpohder station

‘with approximately 1.5 seconds to respond to the<new site ID.

Under normal circumstance 1.5 seconds are more than adequate for
the vehicle to verify the new site ID., If the néew site ID is
hot verified within this time interval, the vehicle simply re-
places the new site ID by its alternate and starts another
4-second cycle,

5-~Minute Timer Module and ID Switches

The 5-Minute Timer consistszof an ll-stage ripple counter,
FFl through FF1ll of 69-24473G. Its main function is to turn the
transponder station pertinent power supplies ON/OFF. Assume both
Vece and VHF sub-bit sync are always available to the Station
bontrol logie. If the transponder station is in the off mode,

';he 5-Minute Timer is inoperative. If the transponder station

has full power on, D3 provides the necessary signal to turn the

i
!
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pertinent power supplies off approximately 5 minutes after the
detection of the last word sync (111000)., The 5-Minute Timer *
counts S-band frame, TZCLSB’ and is reset by word sync.

When the transponder station is in the off mode, the code
control power is off, thus no S-band clock, CLSBu is available
to advance the 5-Minute Timer. Therefore, the transponder
station remains in the off mode until VHF word syhc ié detected.
The sync pulse resets the 5-Minute Timer and at the same time
sets FF12 to turn on the pertinent power supplies. After a |
pominal turn-on delay, the, code control suppliesés—band clock
pulses to the station cdhtrol logic. The combinétion;of T2 and
CLSB’ which occurs once per S-~band data frame or approximately
0.20 sec., is used to advance the 5-Minute Timer, while the sync
pulse resets it. As a result, the 5-Minute Timer oscillates
between 1 and O until the transponder station loses its VHF
signal. 1In the absence of sync pulses the 5~Minute Timer counts
T2CLSB' When it reaches,a count of 1536, or app?ox;mately 6
minutes, the combined output of G3, G4, and G5 resets; FF12. The
transponder station is reverted back to the off mode.

The site ID switch bank is used to select the particular
station site ID amongst the received VHF data. Only four switches
are used in the test model to select the high oréer four bits of
the ID code. The low order two bits are permanently'ﬁired. If
the four high order bits of the received site ID datarmétéh the
setting of the ID switches, the ID ENABLE output of G6, wﬁich is
referred to as the XXXX portion of the ID code, is combined with
the two low order bite to strobe the site ID‘FF. The other logic
elements, D1, D2 and G8 are used as inverters and/or to increase
the drive capability. ' '

Station Control Encoder Module

The Encoder Module, 69-24444G, is used to generate the rquired
S-band timing and format and encodes the data for S-band trans-
mission, G16 accepts and combines the Lgg and L,,, pulses to
form L59 + L127, whiqﬁ is labeled as ?CLSB. The output of Gl5,

G

.
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Lgg *+ L127, drives a flip~flop, FF4 of the Contrql MessagefDetector
Module (69-24428G), which divides L59 + L127 by 2 to provide

CL and CL

4,
SB SB*

The S-band data format is described in Section 6.4.1., The
10-bit format is generated by a divide by 10 counter, FF4, FF5,

" FF6, and FF7 of the Encoder Module. Flip-flops FF4, FF5, and

FF6 are connected as a shift register with feedback, G133 and Gl4,.
The 10 states of the counter and the corresponding T-pulses are )
given in Table 6-6. Not all 10 states.are explicitly used, Gates
G21, G22 and G23 pick out respectively the S-band T2, T3, and T9
(o relation to the Vehicle T-pulses). The S—band timing diagram
is given in Figure 6-25,

TABLE 6-6. 'States of 10's Counter

T-Pulse

x
o
NN
!
]
o
e
i
(o)}
b=y
1]
-3

T1 .
T2
T3
T4
; : T5
T6
T7
T8
T9
T10

© O Kk O O = R
S o o.o - e O
- F‘(D_O O e O O
pt et e e - O O O O O

- " The word sync pattern (111000) is generated by selecting the
second half of T2 with G12 and combining it with T3 at Gll. G0
is used as an inverter to provide the proper phase for G20, If
the TRANSMIT ENABLE signal is low, FF2 is set by T3,through G4

~and G5, The ZERO output of FF2 enables the site ID data to

pass through either G18 or Gl19, FF2 is reset at T9, which also -
| (

sats FFl for one T-pulse period. The ZERO output of FFl enables
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the station status data to pass through G17. The significance

of the station status bit is given in Table 6-~6,. %The first subeit
of T10 represents the status of T—AH and the second sub-bit
represents the complement of T-DRC. The sync, site ID data, and
station status are combihed by G10 to form a single output. The
EX/OR, Al, is used as a data selection gate to accept either the

optput of G10 or externalzdata, such as a new memory program.,
The actual data selection is determined by the state of FF3. If
FF3 is a ZERO, the output of Gl0 is transmitted to thejvehiclé,
otherwise external data is 'transmitted to the vehicle.  Whenever
tpe LOAD MEMORY SIGNAL becomes a ONE, FF3 is set by TlOCLSB

to select the external in?ut data and to enable D} to supply
CLSB to the external dataﬁsource. As long as the?LOAD\MEMORY
SIGNAL remains a ONE,‘only external data are tranémitted to the

vehicle., However, this operation is allowed‘only;when‘the'trans—

ponder station is in state T-3.

The S-band data format is always generated by the Encoder

‘ Module as long as CLSB isjavailable. Whether or not this format

is transmitted depends upon the T~state of the transpopder station,
If the S-BAND ID ENABLE signal is a ONE; i.e., no site ID.has

been recognized, the output of Al consists of the sync>word pat-
tern (111000) and the station status. The 6 site ID data spaces
are filled in with uncoded ONEs. However, these data are never
transmitted to the vehiclé due to the fact that the transponder

sy
:
j
wsd

station site ID and frequency have not been determined. When
the station control logic is ready to send the site ID data into
the channel, the TRANSMIT ENABLE signal becomes a ZERO so that
FF2 can be set or reset by the prescribed T-pulses, As the site

ID data come from the ID data register, G18 or G19 encodes each
data bit into two sub-bits and inserts them into the S-band data

format., The complete format is repeatedly transmitted to the

vehicle,



i it

6.4.3 Test Results ‘ 1 ! i

%

Three Station Control Logic Subsystems were built aﬂd tested,

The test procedure and completed test data sheets are included in
(Document No, 12-24472G).

A tester was constructed to operate the Station~Contrbl Logic on
the bench. The tester was designed to simulate the VHF data from
the vehicle and the inputs from the Transponder Code Control unit. ‘
The test procedure was written to simulate the actual acquisition.' b
procedure as closely as possible. Care was taken to simulate the /ﬂﬁfngi
various possible drop-out modes and to exercise the Station
Céntrol Logic in every possible operating mode.

* The Station Contrql Logic subsystems were tested at ienvironmental
témperatures of —2500, +25°C, and +85°C and performed very satis-
factorily over this range. All oufputs were well within

specifications. The power supply and inputs were varied over the
full dynamic range without degrading in operation.

( ,
[

No design problems weré encountered and no particular design
‘improvement is needed.

6.5 STATION TRACKING RECEIVER (1A2) ' 2

" The station tracking receiver is comprised of five basic o ‘@
functional blocks. They are as follows: Receiver, Code Control, = ..}
Doppler Inverter, Transmitter Synthesizer, and Trénsmitter
Multiplier/Modulator. Each function is described in the following
paragraphs. A simple block diagram showing the relationship of
these units is shown in Figure 6-26., For a complete block and

interconnection diagram reference to:

Document No. 69-22612H - STATION TRACKING RECEIVER
' INTERCONNECTING DIAGRAM,

The overall function of the Tracking Receiver is tb acquire
and track the downlink signal and to transmit an uplink signal ’
coherent to the received signal which preserves the range and -
velo¢ity information, It also provides information as to its
- site ID and its state of operation at any time. The states that

the receiver are progfamméd through are given in Table 6~7.

d
i
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TABLE 6~7. Transponder Station States 1

State
T-0 L-code preset
"T-1la- L-code acquired, H-search, reverse Doppler
T-2 Receiver in TRACK, Transmitter code -L code only,

reverse Doppler e
T-3 Receiver in TRACK, Transmitter code ~Full Track

code, true Doppler ) -
T~1b L-code acquired,. H-search, true Doppler (dropout »

: condition from State T-3) : f

In State T~0, the transponder tracking receiver L-code generator
is preset to a time uncertainty of approximately one fourth an 1
L~-code bit by the VHF link. This eliminates the L-code search.
The L-code is acquired and the transponder goes to State T-la. =N
No waveforms are changed, H-code is automatically acquired, and ’ J
the transponder goes to State T-2. Transponder State T-2 and T-3
differ only in the retransmitted code., For State T-2 only the
L-ccde is transmitted and for State T-3, the full track code is

transmitted.

In the event of signal loss when the receiver is in State T-3,
‘the receiver reverts to State T-1b to try to reacquire the signal,

Station Acquisition is started when the station first receives
the VHF control signal from the wvehicle., This signal directs the R
S~band antenna, - -the VHF carrier frequency presets the S-band
carrier, and the VHF modulation presets the S~band L~code, It is
possible to adequately define space, frequency, and time so that
when the antenna is properly directed, the S-band signal lies

within the tracking carrier loop bandwidth and the timing is close
enough to define the correct L bit of the incoming code. Hence,
by using the VHF signal, the station acquisition is achieved '

rapidly,




E

' When a vehicle receiver channel becomes vacant, the Vehicle
System Control Logic selec¢ts a station and transmits the ON
instruction, Normally, tﬁe transponder is fully acquired in
transponder State T-2 and immediately responds with an L-code
transmission with reverse Doppler inserted on the carrier., The
station transmits the site identification on the S-band data link,
The vehicle conducts the L—code search and acquires L-~code. At
this time the vehicle system control logic verifies the station
identification and transmits the. TRACK instruction. The tranSs
ponder sweeps the transmitter carrier from the reverseiDopplerA
condition to the correct Doppler frequency. The vehicle carrier
VCO follows the frequency sweep. At the completiqn of this sweep,
the transponder goes from State T-2 to the TRACK mode, State T-3,
and notifies the vehicle df this change over the S-band data.link,

When the Vehicle System Control Logic decides to drép'the
station, a RETURN TO STANDBY instruction is transmltted to return
the station to the STANDBY mode. The station Tracklng Receiver
goes to state T-0 and the transmitter is turned OFF. If the
sfation is still within range, the receiver will geacquire and
progress to State T-2. A:timer in the Transponder Station will
return4the station to the OFF mode as soon as the Station is out
of the range of the VHF signal, '

The preceding acquisition sequence has assumed‘normal-opérating
conditions. Since the AROD system is completely automatic, some

~ provision must be made to alter this sequence during adverse

signal conditions, The Vehicie System Control Logic selects a
transpondey, transmits the ON instruction and channel selection
to fhe transponder, The transponder responds only if the
Transponder Trackihg Receiver has achieved L-code lock. If the
Station ID is not verified in the Vehicle within approximately

4 seconds, System Control instructs the station to RETURN TO
STANDBY and selects the next. station if the station is the oldest
station., The alternate station is called if the station is the
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néwest station, Otherwise, the station is called Untii it %
eventually becomes the oldest station.

If the preceding step is successful, System ControlfLogic
instructs the Transponder to go to the TRACK mode . }he station
will remdve REVERSE DOPPLER and signal the Vehiclé,that Doppler
reverse. is complete. The 'Transponder will then transmit the full
track code. i , - |

- When the S-band signal is first received, the'E-codé iocks'and
Aﬁ goes to a ONE. The code control unit goes to Step T-1(a)., The
station control logic will then accept the ON instruction.

- After A; goes to a ONE, if A} goes to ZERO for '>0.1 second, the
code control unit returns to Step T-0. The S~band tra@smissions
are turned off. '

When AH goes to ONE, the code control unit goes to'State T=2.
If AH goes to ZERO for >0.,1 second, the code control unit starts
a timer, After 2.5 seconds the code control goes'to state T-0 to
reacquire, The S-band trénsmissions are turned off in state T-0,

In the ON mode, the transponder will accept a TRACK'instruction.
Upon receipt of the TRACK instruction, the Station Control Logic
signals and the Statidn Frequency Synthesizer to remove reverse
Doppler and upon completion of this instruction, the Station
Féequency Synthesizer notifies Station Control, Station Control
then signais the code control unit to go to State T-3.

a. If AH goes to ZERO FOR >0.1 second, the code control unit
~ goes to State T-lb, After 2,5 seconds the code control
goes to Step T-0 to reacquire. | |

b. 1If the Station is instructed to go from the TRACK mode to
the STANDBY mode, i.e., the vehicle lost lock and desires 7
to reacquire, the transponder code control reverts to
State T-0, REVERSE DOPPLER is inserted and the acquisition
sequence proceeds from that point, 4‘ , ‘ o
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6.5;1 S-Band Receiver

The receiver, consisting of two distinct phase locked loops,
is contained in 11 modules: 1A2A1 through 1A2A9, 1A2A21 and 1A2A22,
See reference 6 for detail design and description ihformation,
The carrier and modulation are tracked in separate loops on a
time shared basis. A functional block diagram of the receiver
is shown in Figure 6-27, The basic signal relations may be
observed from Figure 6-28. '

~Let m (t) represent the transmitted signal modulation Consider
for S1mp1101ty the case when the Vehicle Tracking Recelver is
reee1v1ng the L code only. Then ml(t) is the transmitted L-code.
For simplicity, this appears as balanced amplitude modulation
which is identical to bilevel, %90 degree phase modulatipn.

Then at (1) in Figure 6-28 the signal is m;(t +}T)ml(t) sin
(wl t + ﬁl). ql - qo is the tracking error in the ranging loop.
mo(t + T) can be represented by ml(t + T) F (t + T) where F (t)
is a square wave whose fundamental frequency is FL IfkT is zero
then mo(t) Ml(t) clearly equals FL(t). The ‘spectrum aﬁ (1) is

then as shown in Figure 6-14,

 Figure 6-29 represents the case when the rangeétracking error
is real but small compared to one bit length, Nof shown, but
present, is a small amount of "wideband noise™ due to the
uncorrelated parts of m and mi. When ‘T! > 2'1‘L only ﬁhis "noise"

appears., It has a bandwidth equal to more than 2F;, and is;

relatively uniform across the bandwidth. Notice tﬁat when 7 = 0
there is no signal at f1.> When 1 has some magnitude, but small
compared to 2T., both the carrier component at fl and the even

harmonics of the square wave begin to a?pear. The magnitude of

the component at fl is proportional to 5—— The phase of this

component is zero degrees relative to ql when T >0 and is ql +

When T <0, : 5
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At (2) the signal is mo(t + T) ml(t) sin [kwl - wo)t 8y - 90].
This signal appears exactly as at point (1), except that it is
shifted down in frequency from f1 to fl - fo. The phase of the

. "carrier" component is now ql - Qo or 4., - qo + w~dependingsupon

1
the sign of «.

If the bandwidth of the intermediate frequency is wide compared

to F;, then the signal at (3) is essentially identical to that at
(2). 1f f1 - fo is equal to f . then at (4) the signal is
mo(t + T) ml(t) cos (ql - QQ)' o : y

i

The spectrum of the signal at (4) appear as shown in
Figure 6-30.

O e e wmwn e somn e e

fL SfL' 5fL ;
| 0 <‘]T[ < 2T, : , | o
| | | -
! 3
! , |
0 i 2f;, 3£,  4f,  5f

Figure 6-30, Spectrum of Signal at (4) for Small Error r
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' The range tracking error signal at dec is pnppottioﬁal to 2%‘%
tel < 3%-modified by the éosine of the carrier tracking error.L
But the error in the carrier loop is constrained to be;small and,
therefore, it only has a second order effect on the gain-of the
range‘tracking loop. This D~C error signal is used to“control the
range tracking VCO to drive + to zero. Thus the range tracking
control signal is carried by the presence of a carrier component

at fl at point (1) and it is sign sensitive to the 81gn of r.

The signal at (5) is m (t + T) m (t) 51n(q - q ) 'If\
a; - Qo = 0 then there is no SLgnal at (5). For small érror,

Ql - 90, the signal is essentially an error, e = ql - 90, whose
magnitude is mo(t + T)’m (t). The balanced demodulator between
(5) and (6) multiplies the signal at (5) by Fy(t + 7). Therefore,
since m (t + 7) = my (t + 1) F (t + 1) the 51gna1 at (6) is

(t) m, (t + 1) sin € since F (t + 7) F (t + 1) = 1 everywhere,
For small T, m (t) my (t + v) =1 so that the d-c signal is propor-

tional to sin (q - qo), the typical phase-~locked loop error signal,

In this case the carrier tracking signal is carried by the
sidebands of the signal at (1). Thus the two loops have
interchanged the normal role of error signals. The modulation
error signal is proportional‘to the magnitude and sign of the
carrier component at (1) and the carrier tracking signal is
proportional to the phase of the sidebands of the;signal at (1).

A little reflection will show that this process largely
removes tracking errors caused by phase and amplitude variations
of the narrowband filters, the gain control circuits, and the
majority of the receiver amplification, These appear only as
gain variations in the control loops and eliminate the largest
contributqr of tracking error which confronts most range
tracking systems,
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Functional Description

The Frequency conversion andVI-F Amplification Module 1A2A1
contains the S-Band Converter X8 LO multiplier, and wideband
First I-F. The module'has a nominal gain of 20 dB, input noise
figure of 8 dB and bandwidth of *15 MHz. The I-F signal is
delivered to module 1A2A5 which contains the wideband Balanced
Demodulator and the second mixer. The 8 MHz outpdt is then fed
to 1A2A6 which contains the 8 MHz I-~F énd limiter 'and AGC
Amplifier. The module has a gain range of +10 t07+80 dB. The
signal is -then applied to_1A2A9 which contains a éhase.defector
for carrier tracking (Detector:Q) and to a coherent amplitude
detector (Detector I) from which the following signals;are
derived,

1. AGC

U

L

- 3. H-code acquisition sensing signal AH ' , g

2. L-code acquisition sensing signal, A

4, Range error signal}

During step T-0, L-code preset, a noncoherent AGC detector is
uéed to stabilize the signal levels into the threshold detectors.
This action also limits the bandw1dth expansion of the carrier
loop under strong signal condltlons

" Onice the L-code in the recelver is properly aligned; the signal
to the balanced detectors is a sine wave balanced modulated by a
square wave whose fundamental frequency is FL; Therefore, the

'
]
ot

output of the balanced detector I is a square wave whose
amplitude is proportional to the cosine of the carrier error,
This signal is demodulated by a balanced modulator which is
represented by the gating signal Gc’ Coherent AGC voltage is
now present at this point and the noncoherent AGC voltage is‘
removed,
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The outputvof the balanced detectof Q is also a squére wave
whose fundamental frequency is FL’ bﬁt‘the amplitude ié #
proportional to the sine of the carrier error. This signal is
amplified in a video amplifier and demodulated by a full wave ,
demodulator which is répresented by the Gc'gates.) The carrier
error control signal is a D-C signal and proportional to the sine
of the carrier.phase error.,

This method of demodulation for carrier control allows the
phase detector to be A-C coupled and therefore the signal can be
low level, well below the‘nprmai'D—C bias point of conventional
phase detectors. ' |

¥

The recovery of demodulation of the other signals is performed
in the in-phase phase detéctor (Phase Detector I) and the
subsequent detectors.

The presence or absence of the coherent AGC signal in Steps

T-0 and T-1A constitutes the L-code acquisition signal, A The

, L
Detector I output is amplified in a power video amplifier and
demodulated for AGC, and AL

exactly the same as the balanced demodulator of the carrier

in a balanced demodulator which is

control loop. In steps T-~1lA and T-2, AGC gnd AL are demodulated
during the same intervals as the carrier control.  The H-code
acquisition signal, AH’ is derived in the same mahner as the AGC
signal. However, it is available only in step T-1A and step T-2,
The appearance of AH automatically switches the receiver system
from step T~1A to step T-2., 1In step T~1lA a reference signal is
generated which can result in a proper A, during alL H-code

H
intervals.

AGC, AL’ AH are all balanced, modulated A-C signals at the
Detector I input. A-C coupling to the balanced detectors is

therefore satisfactory. The same is true for carrier control,

Range error control is more difficult and warrants further
explanation; During steps T-0 and T-1A the same FL square wave
appears at the range demodulator input. If the L-code is exactly
aligned, thefinput signal appears as an idealized.square wave,
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However, if there is some misalignment, the square wave becomes VJ
unsymmetrical, The ranging loop is gated open for an interval’
equal to TL/2 seconds and bracketing the positive goigg zero
crossings of the FL square wave. The uncorrelated portion of the
signal averages to zero. The range error control signal, the

correlated portion of the received signal, has an average which
~ is nonzero. This average is positive or negative depending upon
' the lead Or lag of the receiver reference L-code.

' §

A-C coupling, of course, causes the long term.average to be
zero in any event., However, the action of the gate is to average
the result only during the peribd when the gate is open. This is :X
equal to the long term average only when there ié no erforﬂ The
average during the'gated interval differs from the long term
average as a function bfﬂthe tracking error and fs sign sensitive.

In step T-2 the ranging is performed only during those intervals
when the reference is L ® HA FH or the second and th?rd quarters
of the even numbered L-code bit intervals. Once again the control
signal is the difference between the taged average and the over-all
average.

Local Oscillator Synthesis

The first and second LO multiplication is accomplished in two
modules, 1A2A2 and 1A2A3. Since the S-band signal may range from
2200 to 2450 MHz, the LO frequencies will change. The proper ]

multiplier ratios may be determined for any frequency with the
aid of Figure 6-31, For the carrier loop to be locked, the signals

¥
i

at the phase detector must be the same frequency,

i,e., £f. =8 LMfV - Lva + fr = f

in r :

after rearranging and canceling terms

f,, = 8 LMf = LNf é;
or
, fin

L(8M + N) = T

1 .
19
i
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Now f is fixed at 12.8 MHz and f, 1is constrained in the

following manner: fip = (2200 + 0.4 k) MHz, that is, f,p 18 *
selectable in 400 kHz increments, k = 1, 2, ---625,
Then:

L(su + N) = 22000+ Ak _ 471 4 7/8 4 k/32

L(8M + N) = 171 + 28+ Kk

32
We will constrain L to be 1 or 3/2. -
v, . ‘
For a signal of 2214 MH=z : 1 : sk

14 . I f

k =57 =3

63

L(8M+N)=171+-§-2-=172+§-2-

Rearrange numbers:

S 1 31
L(8M + N) = 8(21 + §q +
' 31 159
| =8X21“+4.+-3-—-=8x‘21+v-—3-—2— i
.- 3 "
LetL=§- 3
! 1
3 ' 3 %3y J
!
L(8M + N) =3 (8 x 14 + 3 5. é
) 16
Then ,g
fnid
M= 14
N = 3-5/16

and the synthesis is éomplete.
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Bias Converter

The Bias Converter/Filter (1A2A21) is added into the 2nd LO
Chain to subtract errors associated with the phase detector ~/
reference signal. The bias converter also contains a gate which
opens the LO Chain and correspondingly the signal path during
certain periods in the track mode,

Frequency Preset and Acquisition Unit :

{
-Initial Acquisition of the carrier is aided by the frequency

preset module. The carrier loop VCO is compared with the VHF
carriér loop VCO which is locked to a signal with thefprnper
Doppler. The preset develops a D-C error voltage which is used

to preset the Tracking Receiver VCO thus virtually eliminating
frequency search. An additional output from the Preset module,

the actual frequency difference of the two VCO'S; is fed to module
1A2A22 (Acquisition Unit). : |

Because of the multiplicity of L-code sidebands, the tracking
receiver could easily lock to any one of several such sidebands
as the VCO is swept by the'preset to its proper frequency. The
Acquisition Unit acts as an antisideband lock device. It compares
the received Doppler difference frequency with a fixed 6 Hz signal,
if the Doppler differencé is less than the reference,ithe
receiver is allowed to lock. If the difference is gr;ater, the
bias converter gate is pulsed to open the loop instantaneously
and release the sideband lock. In this nanner the receiver steps‘
along until the carrier is captured. When the receiver achieves
state T=-2 or T-3 the Acquisition Unit is inhibited. This is done .
to insure that Doppler differences between the two receivers will
be ignored in the event that the control receiver loses lock while
the Tracking Receiver is in the full Track mode. |

The Acquisition Unit performs one other function, Upon acqui~-
sition of L-code the receiver is frozen in T-1lA for approximately
2.5 seconds to allow damping of transients in the range loop,.

The high code is then allowed to lock and the 1oop'goes to T-2,
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Rate Aid v _ ‘

Rate Aid is incorporated in the receiver to ffee the ranging

loop from the tracking Doppler offsets. Figure 6-32A shows this
implementation; % ;

fr = Range loop VCO frequency (16 MHz)

fre = Range loop erro;

fo = Reference frequency (16 MHz) ;

fde = Reference frequency drift 1 x 10"7 partymonth
fc = Carrier loop VCO frequency

fD = Doppler shift from fc

H :
The resultant rate aid is 100 percent within 1 x 1077 parts/
month which is the stability of the station clock,.

Test/Operate Switch

A switch on the rear panel of the Tracking Receiver Drawer is
used to interrupt the T-0 signal from the code cgntrol logic to the
station control logic during testing. 1In ndrmalgopergtion the
T~0 signal is used to inhibit any decoded ON instructions that
the control logic receives., Therefore the tracking réceiver cannot
transmit while it is in T-0,

In the test mode the line is opened and the control logic side
is grounded, This allows ON instructions to be relayed to the
Tracking Receiver,

This is necessary since the Tracking Transmitter is translated
in frequency and used as the input signal to the tracking receiver,

Since the receiver cannot move from T-0 until it receives a
signal to which it can lock, and the transmitter cannot be turned
‘on until the receiver is locked, the Station Control Logic inhibit
function must be removed during test.
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6.5,.2 Code Control

.~ The Code Control generates two PN codes; one code 1s used to
demodulate the ranging code received from the airborne stations,
the ‘other is the ranging code that is transmitted to the airborne
station. It also supplies accurate timing and state Signals to
other subsystenms.

In order to achieve the high phase stability required for the
two PN codes and timing signals, it was necessary to use a maximum
clock frequency of 12.8 MHz. Special hybrid high speéd flip~flop
output circuits were used to minimize phase shift and insure fast
rise and fall times for the PN codes. | |

Since the forms of the demodulation signals and transmitted
code signals depend on the relative phase (or degree of correlation)
between the received code and the local reference, a programmer is
required whose state will depend on the relative phase of these two
Signais. It must be possible to acquire the received’code rapidly,
and to include data bits in the transmitted code. 1In addition, the
variation in phase difference between received and transmitted

ranging modulation must be kept very small..

The high speed component, the H-sequence, has a bit rate of 6.4
MHz and a period of 511, The low speed component, the L-sequence,
has a bit rate of 6,4/1022 MHz and a period of 127. Both sequence
generators are capable of being preset by an external signél..
Gating signals for use by the receiver are generated by timing
signals derived from the two sequence generators. The transmitter
code includes provision for combining a data bit stream with the
coded modulation. The acquisition procedure and form of the
transmitter and receiver codes and gating signals are dependent
upon which state of the acquisition procedure is in process. The
' states are denoted by T-0, T-1A, T-2, T-3, and T-1B,. This program
sequence is shown in figure 6-32B,while the forms of these signals
are given in Table 6-8. All timing signals are derived from the
12.8 MHz input frequency, whose analog form is denoted by T-2f

H

and whose digital form is denoted by T~2FH.
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- and conventions will be stated,

TABLE 6-8, Logic thationé : : B

TT-Z = L ® H(FL ® FL/2)‘(T-3) D D'

TR-Z = F| (L2N 41 *T-0 + T-14 + T-1B) 2 L @ H(F - FL/Z)

GI = (T-0 + T-1A + T-1B) + (FL ® FL/Z)

GR = (T-0 + T-1A + T-1B) (FL D FL/z) (P-GR) + (T-2 + T-3)
(F, ® Fy s9) Loy

GH1 = (L2N .1 ¥ T-0 + T-1A + T-1B) FL L/2

’GH2 = (L2N + 1t T-0 + T-1A + T-1B) FLFL/2 | ;

GClv = (T-0 + T=1A + T-1B) F. L L/2 + (T-2 + T=3) L2N + 1 FLFL/2

GC2 = (T-0 + T-1A + T-1B) F

+ (T-2 + T-3) L

LFL /2 on + 1 FLFL /2

‘where: N =0, 1, 2, ..,., 58 ]

Before discussing the logic design in detail, some definitions

1. Buffer elements perform NOR logic so that an enable signal
input to a buffer element is considered to enable the
element when the signal is at a '"'zero'" level,

2, HN—i and LN—j are the outputs of the i-th'stage of the
H-sequence generator and the j-th stage of the L-sequence
generator, respectively.

3, The bits of the H- and L~sequences are defined by the

following recursion formula and initial conditions,

a, Hk = Hk—g B Hk"4 k = 101 11: 12! NN ] 511
Hl = H2 = HS = H4 = H5 = HG = H7 = HQ = 0
H8 = 1

i s sinadii
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b. Lm = Lm_7 D Lm—6 m = 8,’ 9
Ll = L2 = L3 = L4 = L5 = L
L6 = 1 '

Note that when Hk appears as the output of HN-Q’ H
- through H, ,g are the output of HN-S through HN-I’

k+1

respectively; and similarly, when Lm appears as the

output of LN—7’ Lm+1 through Lm+6 are the outputs of

L through L
N-6

and Lm,'will be used interchangeably to denote th

N-1’ Trespectively.

The notation, H

k

or m-th bit of the H or L sequence, respectively, or

to denote signals which are '"one'" when Hk or Lm appear

as outputs of HN—9 or L

N-7

and '"'zero"

at all other times,.
Thus L127 might refer to the 127th bit of the L

sequence, or to a signal which is a "one" only when

L127 is the output of the last stage of the L sequence

generator,

This usage should cause no confusion since

the context in which thenotation is used will clearly
indicate whether the bit or the signal is referred to.

Code Control Logic Diagrams

Module

Code Clock Generator

GR Gates '
H-Sequence Generator
L-~Sequence Generator
S-Band Data Encoder
Code Preset

Input Control
Programmer and DO timer
R/A Timer

Buffer Module

Gate Generator
Transmitter Code Combiner

Receiver Code Combiner
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69-23408G
69-26252G

69-23409G

69-23410G
69-23411G
69-26232G
69-23384G
69-24461G
69-24465G
69-23389G
69-23372G
69-23376G
69-23368G
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Clock Signal Generation

All fundamental clock and timing signals are generated by using'

three modules consisting of the Code Clock Generator, the GR Gatés,

and the H~-Sequence Generator. The input signal 2fH is shaped and
buffered to form the signal ZFH. This signal is further divided
by two and buffered to form HCL Enable. 2F, is inverted by a

buffer element to form 2FH and is combined gith HCL Enable to

form the 6.4 MHz clock signal denoted by HCL. 2F, is also
combined with the LCL Enable to form the 6.4/1022 MHz clock signal
denoted by LCL. By forming clock signals in this manner, the only
timing variations (or clock skew) will be the differential
propagation delay through different buffer elements. A 6.4 MHz

square wave is reclocked by ZFH to form the FH signal.

The following list identifies the signals of interest on this
drawing. '

Signal Number Signal Name
2 | : 2Fy “
4 HCL ENABLE
5 HCL
6 2Fy
7 Fy
9 - Hyyy
10 | LCL ENABLE

I}

It should be remembered that only every other H511 pulse will
generate an LCL Enable interval.

The H~Sequence Generator module contains a standard linear
shift register generator of nine stages and three wdrd detectors,
The three word detectors are connected so that one has 'a 'one"
output during code bit H225, one has a '"one'" output during code
bit H510’ and one has a "one'" output anytime the first eight




vy
!

J

stages contain ''zero'". This latter word detector is used to

. insure that the generator will not lock up in the "all-zero"

condition, H510 and H255 are used by the Code Clock Generator

to generate FL, FL/2’ FL 8 FL/Z’ and LCL Enable as described
below. This sequence generator includes provision for changing
the phase of the sequence. This provision is the H-Shift input,
This signal line is normally held at a "zero" level, and when the
signal is raised to a '"one', a '"zero'" will be shifted into the
second stage. If this signal is made a 'one" for one cycle of
HCL following H510, the sequence generator will contain the
following sequence,

H Shift He . Hy o, Hy o He , Hy s Hy g He, Heg Hyg

0 0 0 0 0 Q 0 0 0 1 H510
1 1 0 v 0 0. 0 0 o 0 : 0 H511
0 0 0 0 0 0 0 0 0 0 HO
0 1 0 0 0 0 0 0 0 0 H511
0 0 1 0 0 0 0 0 0 0 Hl

It is seen that two additional states have been added to the
sequénce in that HO has been forced into the register and H511
has been repeated., Hence H1 appears 2 bit times later and the
sequence has been delayed by 2 bits. Since the sequence length

is odd, any delay from 1 to 510 bits, inclusive, may be accomplished.

H510 and H255* are retimed by HCL in the Code Clock Generator
to become H511 and H256 respectively. The '"one" to ''zero" transi-
tion of FL will coincide with the "one" to '"zero" transition of
H511, and the *zero' to "“one'" transition of FL will coincide with

*¥Note that these signals are defined to be a '"one'" when H510
‘and H255, respectively, appear as outputs of stage HN-Q’
.and '"'zero' otherwise,
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the "one" to "zero" transition of H256..'Transitioné of FL/2 will

éoincide with the "one'" to ''zero" transitions of H511, while

transitions of FL D FL/2vwill coincide with the “one"ato "zero"
FL/2 appear at the output terminals of register elements which

are all clocked by the same HCL. H511’ FL/Z’ and FH are combined
to form LCL Enable in a manner which will allow LCL to be coineci-
dent with the HCL pulse which caused FL/Z to make a '"'one" to '"zero"

transitions.

transitions of H

L~-Sequence Generator

The module consists of a 7-stage shift registér generétor with
synchronous preset capability, three word detectdrs; and a re=-
timing circuit. One word detector is to prevent lock up in the
"all-zero" state and detects '"zeroes" in the first six stages of
the register. Another word detector is connected to detect
"zeroes" in the first six stages and '"one' in the last stage.
This stage of the generator occurs during bit time L126' The

signal from this detector is retimed and becomes the L signal,

, 127
The remaining word detector is set to detect ''ones'" in the first
six stages and ''zero" in the last stage which occurs at bit time

L119' When the L-Search signal is ''zero', this L Signal will

; 119
force the next state of the register to be L121 instead of L

by causing a "zero" to be set in the first stage instead of ;20
"bne". Thus, the phase of the L-sequence will change at a rate
of one L sequence bit per L-~sequence period when the L-Search
signal is at a '"zero'" level. When this signal is at a '"one"

level, the L-sequence phase shifting circuits are inhibited.

The synchfonous preset capabilities are utilized when the EM
+ L SYNC signal goes to 'one'" or when both this signal and the
L SYNC signal goes to ''one', When both signals are held at a
”oné” level, the 7 bit word 1000000 is continuously set into
the first through the seventh stages by LCL until both signals
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go to a "zero" level. This condition sets the L-~sequence genefa—
tor, such that the first full L-sequence bit after fhe EM + L
SYNC and L SYNC signals go to a '"zero", is 0100000 which is the
L, bit time. 1In a similar manner, making only the EM + L SYNC
signal a 'one" will cause the state 1010110 to be set into the
register, The first full L-sequence bit after the EM + L. SYNC
signal goes to "zero'" will then be 1101011 which is the L bit
time.

75

S-Band Data Encoder

This module contains an L-Sequence Generator word detéctof
for detecting L58’ three retiming circuits, and a four stage
presettable counter with logic for generating the bit sequence
«e.., 15) and the bit stream, D',

The word detector is connected to the L-Sequence generator
module to detect the bit pattern 0011100 which occurs during bit
time L58’ This detector output is retimed by LCL to yield the
signal called L59.

The four stage counter is preset by L and synchronously

127
divides the LCL rate by 16 so that the L-Sequence period is
divided into 7 intervals of 16 L-Sequence bit timesveach and

one interval of 15 L-Sequence bit times.

The three word detectors attached to the counter form the

three required bit sequences. The bit sequence L is retimed

; 8k+1
by LCL to form the bit sequence L8k+2' The bit sequence L16N+1
and L16N+9 are combined with the Data input signal according to

the following equation to form the steering signal, S-D',

S-D' = (DATA) (L ) + (DATA) (L

16N+1 16N+9)

This signal is then retimed by LCL to form the D' signal,
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H-Sequence will start in either state H

GR_Gates | . ' o

In addition to buffering three timing signals, this module is
required to form the interval between H385 and H151 for use in
deriving the GR gating signal, The bit pattern 0110 ___ 0000 in
stages Hy_, through Hy_g» respectively, is detected and retimed
to become the pattern 00110 __000. This is the pattern at bit
times H151 or H384'depending on the output of HN-B‘ This pattern
is then combined with Hy_¢ SO that the outpqt flip-flop is set
to '"one'" if HN—G is '"zero" and is set to ''zero" if HN—G is "one",
The flip-flop is clocked by HCL so that its output, P-GR, will
become a 'one'" at the leading edge of H385 and a_"zero" at the

trailing edge of H

151"
Code Preset

In this module, the R/A—D and R/A-D signals are buffered for
use by the receiver circuits, and FL <] FL/Z is buffered for sub-
system use, In addition, this module contains the ., circuits
required to generate‘the signals used in presetting the H- and ' ‘1
L-Sequence generators, The event marker signal, EM, as derived _
by the VHF data demodulator, is used to initiate the generator ”}

preset sequence, This signal will effect the preset function
only if the code control subsystem is in state T-0. The H-Shift ,
signal will become a '"one" in synchronism with the trailing edge e
- ] 2 ! > " " "
of the first H256 bit time which occurs when FL/Z is "one" and

EM * T-0 is 'one'", This signal remains a '"one" for as long as

; a3
[

the event marker signal is a ”one”. When the event marker signal
goes to "zero', the H~-Shift signal will go to "zero'" and the

i C

511 or the "all-zero"
state., Due to the fact that the H preset signal began in the
last half of an L-Sequence bit, the trailing edge 6f'the EM sig-
nal will then define the beginning of an L-Sequence bit. The

particuiar~L-Sequence bit is defined by the EM + L SYNC signal b
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which will be a 'one" for (1022/6.4)10"6 seconds after the
trailing edge of the EM signal. Thus, the trailing edge of the
EM signal defines within 2 H-Sequence bits the L., to L., bit

73
transition of the transponder L-Sequence generator,

74

Input Control

- The primary function of this module is to serve as a buffer

3 and retiming network for the input signals denoted as AL’ AH’
DRC, and Go To T-0.

- Associated with each input signal is a two-stage shift
register and detector gates such that pulses are formed which
are one L-Sequence bit in width occurring in synchronism with
the L~Sequence clock rate at "zero" to "one" and’”one" to "zero"
transitions of each ihput signal., . Input signal Kﬁ is inhibited
by T-0 to become AHI‘ That is, AHI is identical to AH except
that it is always "zero" in state T-0. Signal ALI is identical

to A, but delayed in making transitions until L5, Pit time.

AL-a—l, A

AL and A , as defined above, which can occur only during L

Ee—-o, AH-a—l, and AH—a—O are pulses at transitions of

H 120
bit time. These signals are inhibited by various state signals

[

and used as timing pulses to advance the program state counter
s and to start the DO and R/A timers. |

N The R/A Reset signal will be '"one" if Ay
|

signal is a "one" in states T-1A or T-1B.

—~ 1 or if the R/A

' The Return To T-0 signal will be a "one" if the Go To_T;O

B

!

|
foaid

signal goes to a "one" for at least 160 microseconds and if the
DO signal is a "one" in state T-1A, or if the R/A signal is a
"one'" in states T-1A or T-1B,

The refiaining signals are self explanatory, Note that ‘the

DRC' signal is inhibited in every state except T-2,
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Programmer and DO Timer

The programmer is a S~-stage, presettable, shift register which
is clocked by the logical "or" function of signals Return To T-0,
R/A Set, R/A Reset, DRC . T-2, and (AL+a—1) (T-0). Each of these
pulses will cause the programmer to shift once in accordance with

the flow diagram, Figure 6-18, Normally only one stage of the
programmer will be set to a "one'", and an initial Go To T-0

command will insure this condition. The DO Timer is a 3-stage 0

shift register counter which is normally held in the "all-zero"
condition, A DO Set signal will set the first stage to a '"one" -
and the counter will progress through its 7 remaihing étates to
the '"all-zero" conditions at the L127 rate, unless it is;reset by
the DO Reset signal.

If the timer reaches the "all~zero" condition before AHI be -

comes a '"one', an output signal denoted by DO will_be generated.
This signal is a singletpulse coincident with the seventh L127
pulse after the DO Set signal occurred. This delay will then be

0.123 second,

.

R/A Timer

In addition to the R/A timer, this module contains the logic
required to generate the DO Set and Reset Signals, The DO Set
'signal is a 'one" if A ——0 is a "one" in state T-1A or if
AH_"O is a '"one" in states T-2 or T-3. The DO Reset signal
will be a '"one" if A_-—+1 is a '"one" in states T-2 or T-3, or

H
if AL——-l is a '"one'" in state T-1A. The R/A Timer is identical

to the DO Timer except it has seven stages and thus provides a
delay of 2,57 seconds before the R/A pulse will occur., This

timer will be started if AL—»-O is a "one'" in state T-1B or if
DO is a "one" in states T-2 or T-3. It will be reset by R/A or e

if ALI is a '"one'" or if AH—>»1 is a "one" in states T-~1A or T-1B,
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The R/A pulse'will not be generated if ALI becomes a 'one" before
127 L sequence periods have elapsed,

Buffer Module

In this module the timing and state signals required for the
formation of the gating signals GCl,_GC2, GH1 and GH2 are retimed

.and buffered, The H-Sequence, L-Sequence, and FL D FL/2 are also

buffered for use in the code combiners., In addition, the input
Preset signal from which the EM signal is derived is enabled by
T-0 and buffered here. ‘

L119 is retimed and buffered for use by the AL, A
Demodulator circuits and signal le

H and Data

7 is buffered for external use,

LZN is formed as a signal which is a “Yone" only during the

even L sequence bits.

The steering signals for final retiming of the GC1, GCZ} GH1
and GH2 gating signals (given in Table VI-2) are formed in this
module,

Gate Generator

In this module the final retiming of all gating signals is
accomplished, together with the complete formation of the GR and

‘GI gating signals, The retiming delays the gating signals by one

H sequence bit from the reference sequence generation. Note that
GC1, GC2, GR and GI are the signals furnished to the receiver,

and these are the logical inverses of the signals given in

Table VI-2, The signal R/A-D is formed in this module and will
be a '"one'" whenever the R/A Timer is running (i.e., for the time
between when this timer is set and when it is reset). This
signal is also combined with GCl and GC2 and made available as an

output.

Preliminary combination for both the receiver and transmitter

codes is accomplished, with ZR-l and ZT-l denoting these outputs.
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Transmitter Combiner -’ ! A

'delay. In addition, some retiming and combining required for the

The final transmitter code is formed, retimed and buffered in
this module. The transmitter code (TT-Z) form is given in
Table VI-2., Note that this code does not contain any FH
so that retiming by HCL is sufficient. This retiming is

component

accomplished in two stages plus the interface circuits so that the

transmitter code is delayed by four cycles of 2F_ plus the

H
interface retiming delay from the reference sequence generation,

A 6.4 MHz square wave, denoted by F is supplied for external

HS’

use, and is equivalent to F, delayed by the interface retiming

H
receiver code is accomplished in this module resulting in the two
-2 and Z_~3, Note that Z_,-2 has a delay

R R R
of 2 cycles of F, while Z,-3 has a delay of 4 cycles of F

partial receiver codes Z

H R

Receiver Combiner

Hu

The final receiver code is formed, retimed, and buffered in
this module. This code contains F
retimed with 2FH
form is given in Table VI-2 and is delayed from the reference

H as a component and must be

after this component is added. The final code

sequence generation by six cycles of 2F_. plus the interface

H .
retiming delay. Retiming of all components of the code is required

to insure the proper phase relationships among the components in

the final code.

State signal T-0 is buffered to three outputs for external

use. oerd

The remainder of the logic is required to set and reset the
R/A Timer module at the proper times in states T-1A and T-1B.

The following list of input and output signals of the code

control, gives a characteristic description of each.
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Inputs

1. T-ZfH -~ a 12.8 MHz square wave, 0.30v *10% p=-p.

2, T-DATA - a digital waveform which may haVe transitions at
L127 and L597 | '

3. T-GO TO T-0 - a DC level signal; std. digital level.

4. T-DRC - a DC level signal; std. digital level.

5. T-PRESET ~ a DC level signal std. digital level.

6. T--AL (AMPL) -~ a series of reversable polarity 10 ysec wide
pulses occurring at L;,4 time and variable in amplitude
from 0 to 5v p-p.

7. T--AH (AMPL) - a series of reversible polarity 10 ysec wide
pulses occurring at L119 time and variable in amplitude
from 0 to S5v p-p.

Outputs ‘ : X

L. T-Ljon (c/0) Pulse waveform; standard digital voltage
T-Lygg» E levels; pulse width - 2044 : 2f.; pulse
T-L59 repetition frequency - ZfH + 259588,

2. T-Ag (c/0) - D-C level; standard digital voltage
T-AH (c/o) levels; must make transitions within 70
T-AH usec after leading edge of L119 pulse;

' T-A; (C/0) will be a "1" if T-A; (AMPL)
is more negative than -1.0 volt and will
be a "O" if T—AL (AMPL) is more positive
than -0.4 volt; T—AH (c/0) and T—AH will
be a "1'" if T-AH (AMPL) is more negative
than -1.0 volt and will be a "0" if T-A
(AMPL) is more positive than -0.4 volt.

T-E;' " Logical inverse of above.

T—KE (3 places)

6~-97



T-0, E
T-0, E
T~0, E
T-14, E
T-2, E
T-3, E
T-1B, E
T-0, E

2

T—FHS

T-R/A-D(v)

T-R/A-D(v)

T-GC1 - R/A-D

T-G R/A-D

c2

T~DR-A

T—DR—GHl

T—DR_GHZ,

D~-C level;. standard digital voltage
levels; must make transitions at

trailing edge of the FL %kFL/Q‘signal.

.

Logical inverse of above,

Square wave; frequency ~ fH’ signal
levels - logic "1" = +0,30v *0.05v, and
logic "Q0" = 0.00v £0.,03v; rise time -
less than 5 nsec; noise level -~ less
than 50 millivolts either level, |

D-C level; standard digital voltage
levels; must make transitions at leading

edge of L12 or L .

0 127
Logical inverse of above,

Logic "O0' of standard digital voltage
level or pulse waveform; standard digital
voltage levels; pulse width- 511 =+ ZfH;
pulse repetition frequency - ZfH + 2044

or 2fH + 4088.

Pulse waveform} standard digital voltage
levels; pulse width - 2044 + 2fH;~pulse
repetition frequency - ZfH + 259588,

Pulse waveform, standard digital voltage
levels; pulse width - 511 = ZfH; pulse
repetition frequency - ZfH + 2044 or
2fH = 4088, NOTE: Signals are Logic

"g" during L119'
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H
H
H
—

9, T-GCI : ' Pulse waveform; stahdard’digital voltage
i .

 — . levels; pulse width ~511 + 2f_: pulse
T--GCz A H’
repetition frequency=-2fH + 2044 or
2fH + 4088, '
10. T—Eg _ Pulse waveform; standard digital

voltage levels, pulse wiath -~ 511
= 2fH; pulse repetition frequency -
2f  + 2044 or pulse width - 1022 + 2f -

H H’
pulse repetition frequency -ZfH + 4088.
11. T-GI . Logic "O" of standard digital voltage

level or pulse waveform; standard
digital voltage levels; pulse width =~
1022 = 2fH; pulse repetition frequency -
2fH + 2044,

12, "TR-Z A pseudo-noise coded waveform (code
description given below); frequency -
f., bits per second; signal levels -

H .
logic "1" = +0,30v *0.05v and logic
"0" = 0,00v *0.,03v; rise time -~ less

than 5 nsec; noise ‘level - less than
50 millivolts either level,.

6.5.3 Doppler Inverter !

»

The Doppler Inverter connects the Tracking Transmitter Frequency §
Synthesizer to the Tracking Receiver Carrier loop VCO and in doing
so performs a frequency translation, '

A positive Doppler offset at the receiver VCO is coherently
converted to a negative Doppler offset with the carrier frequency
preserved,

: invert V ‘
£, th fo ?fD

Retransmission of this signal results in the Vehicle receiving
a frequency with essentially no Doppler shift from the signal it
transmitted, '
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To achieve full coherency\of signals the Vehicle instructs the
Doppler Inverter to sweep to true Doppler so that the Vehicle
receives a signal with two way Doppler present.

Inversion of the Doppler offset is accomplished by the process
shown in Figure 6-~33. The 2/3 FO source is phase locked to the

station clock. Doppler is preserved in the lower sideband output -

of the first mixer, but is reversed in the lower sideband of the
second mixer due to the change in sign.

It is seen, also from Figure 6-33, that if FO has the Doppler

added and becomes 2/3 (fo + fD), then true Doppler is preserved
at the output of the second mixer. :

The 2/3 f  signal is fed from the phase locked oscillator of
the Tracking Filter shown in Figure 6-34.

The tracking filter may be locked to either the station clock
multiplied to 19,2 MHz or the 19.2 MHz coherent derivative of the

Tracking Receiver 1oca1 oscillator. Figure 6-35 shows the method
of connection.

It is neceésary to assist the acquisition‘of;the Tracking
Filter loop, and to control the rate of sweep when transferring
from Reverse-~to-Track modes of operation. The Doppler Sign
Detector compares the phase of the beat notes from the phase
detector and the coherent amplitude detector. The comparison
results in the application of a voltage pulse to a sﬁmming port of
the differential amplifier driving the control filter. This

voltage will be of the correct polarity to drive the VCO to the
input frequency.

The sign detector is shown in Figure 6-36. The beat note

outputs from the phase detector and CAD will always be approximately

90 degrees out of phase with each other, If, as shown in the
diagram, the output of the phase detector lags that of the CAD,
the input to the Tracking Filter is above the reference frequency
being generated by the loop VCO, The shaper output for the phase

detector will be transferred to the register ou@put by the negative~

going transition of the CAD shaper output. The "1" state of the

6-100




uorsaaaul xsiddog °gg~9 oang1g

HIXTH

PR, [PE——

s PRUSEIN

ooy

e
RNV

6~-101



J=°1¢/e =

P : T

1937114 Suryded] ‘pg-9 @anl3tg

mOH X g1

299 114
Tod3u0)

004
°1 ¢/2

R e 4

i

0
24 001

U

e €X

g

Teuy
J31d

od

Jc

arv

NOILISINOOV

3ed

B

esBud

Je

2xX

6-102



d23asAuy xarddoq

[

‘GE-9 9an3tg

Py €/2 + °3%%

194

: Pio + %A Pio + %3%
X [ P57+ 09;
- P14+ 9,
> P e
Y3 €/1 + 939/ + 1 T+
Pr+ %Y :
(42}
>T  avo ¢ m
P4 9 ©
A . YoqImg
390 »
Nmmo>. 1997114 Tduy [+ udig . AOVEG
g et Toaguop [~ |dJd1a 1 <X .
od 3 TQUT AT
. Pjo + 9 | o o
. 3IMS
, Pi0 + 9 .
s | 3ITUS g - q29q : . .
. , c06 > & ) aouaIazay
, Oy :
MOVHE

P——

ASHAATY

e oy RPN




- Y

J030839q ud1g aaijddog

....V)\..u. Jsod s ¢
Rl ~ay ™ uvi.)n..kh\w

°2 avd pgmo sdug)o
. f U ,

dRY 1D

"9¢~9 2andtg

Hollms

A+

, Y7r11d [
- . wnd an0 o€’ 7
Pt o2 pndvy Vs
uﬂﬂ\\ mhu .\UWLL..J e .WY&N
W\.l“wiﬁx.\.m NMOI L FELY
wnppebou 'l,.v._
n—.
N MdYHS
_. :
] -
. } )
e
e |
l.ﬂ!l!.}lm.l. _v.mtn = __ —
JdaLsio3y _ HadwvHs |

LNANT
‘a-°v-o

6-104

2V T
7Z2Za ﬂ



fegister output switches a negative voltage to the output, raising
the VCO frequency, while the "0" state gives a positive voltage.

Réferring to'Figure 6-~35, when the input is switched from

’REVERSE to TRACK, we switch from the Reference (fo) to the VCO

(F0 +’fD) source., The tracking filter, assisted' by the sign
detector must acquire the new source. The fixed sign detector
output is applied, throdgh a fixed gain to the loop filter which
integrafes the step change in voltage to sweep the VCO, and the

inverter fo output to the fo + f_ frequency.

D

When the new signal is acquired, the positive voltage from the
CAD operates the clamp and shorts the sign detector output to
ground,

6.5.4 Transmitter Synthesizer

The basic function of the synthesizer is to provide a
transmitter source of the proper frequency which is phase coherent
to the tracking receiver VCO, This is accomplished in modules
1A2A14, 1A2A15 and 1A2A17 which comprise a Type I second order
phase locked loop. A functional block diagram of the loop is
shown in Figure 6-37. ‘

The 19.2 MHz signal from the Doppler Inverter is the reference
to which the transmitter VCO's are locked. The L-band output of
the transmitter may be required to be any frequency from 1750 to
1850 MHz selected in 400 kHz steps. ZEach transponder has four
selectable transmitter channels. The range of the VCO's will
correspondingly be 27.3 to 28.9 MHz selectable in_6.25 kHz steps,

The 19.2 MHz reference is split into two paths, with one being
fed to a + 48 which provides a 400 kHz reference for a digital
exclusive OR phase detector, The other is mixed with the 28 MHz
VCO to provide a nominal 9 MHz signal which is fed to a digital
programmable divider. The divider is chtrolled by the Station
Control Receiver and selects the proper division ratio to divide
the 9 MHz signal to 6,25 kHz, This signal is then multiplied by
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A

64 to provide a 400 kHz signal to the phase deteptor and loop
filter which follows. This control from the loop filter is then
fed to the synthesizer oscillators thus closing the loop.

The correct oscillator is instructed ON at thé same time that

the dividers are being programmed,

The synthesizer loop has a loop gain of 6400 sec-1 and ZBL of
200 Hz which allows the loop to acquire the reference with its

full Doppler component ahd to track the Doppler sweep.

Figure 6-38 is a simplified diagram of the lobp. and an
explanation of the loop frequency relationships.

(fo—fi)64

X64

. 'c}f — VCO b=t

Figure 6-38, Synthesizer Loop
6~107



For a locked loop condition the signals at the input to the
phase detector must be equal in freqpency}

(£ - £.) T, ' Co i
64 0 in”  “in
K - K
1 2
Rearrange terms:
fo ) Ki .1 ’
fin 64 K2 7
Substituting values
K2 = 48, £, = 19.2 MHz .
in _
K1 ,
fO = 19.2 :—3-6-7—2-4- 1
For any required transmitter frequency, the VCO (Fo) can be
determined by dividing by the transmitter multiplication (X64) .

Then the value of K1 can be determined by:

fO

ki = (m - 1) 3072 | |

6.5,5 Tracking Transmitter

The Tracking Transmitter consists of two modules 1A2A17 and
1A2A18 which provide the multiplication and modulation of the
transmitter carrier., 1A2A17 consists of a X2 muitiplier, an
auxiliary phase modulator and filter amplifier. The phase

modulator, used mainly for test purposes has a constant modulation

response +0, -3 db from 50 Hz to 100 kHz and linear with 5 percent
for modulation indices up to 0.125 radian at the output of the
module; 1A2A18 consists of a X4 multiplier, wideband biphase
modulator at 224 MHz'and transistor amplifier and X2 multiplier

which provides a nominal 100 mw at 448 MHz, This signal drives

the X4 multiplier which is a wideband step recovery diode device.

The X4 provides a nominal 10 mw,

the TWTA for amplification to 10 watts.

6~108

1800 MHz signal which is fed to
The wideband modulator is




S

)

a hot carrier diode device with rise time on the ordef of 5 nsec,

i
Q%

The modulator actually shifts the pﬁase +11.25 degrees at the
carrier frequency of 224 MHz with an accuracy of about 1/4 degree,
The resultant modulation at L-band is therefore biphase.

The TWTA is a Hughes 1122A tube. It has a self contained power

supply and operates from a 110 VAC 60 Hertz power source,

A functional block diagram of the transmitter is shown in

1 , Figure 6-39,
8
6.6 POWER AMPLIFIER (1A$)

N? . "The power amplifier contains circuits to switch power supplies
: for the tracking receiver (1A2) and to switch prime p¢wer to an

} auxiliary output, The switching circuit consists of two relays

! and a driving circuit which receives commands from the control

~y receiver (1A1l). Both relays are open when the station is "OFF.,"
! Arrival of a "ong" at the driver circuit energizes re}ay Kl’
which applies +28 VDC to relay K, and the four DC/DC converters.

[SS—

Figure 6-40 shows the functional paths. The :mounting plate of the
power amplifier drawer has two thermal switches which turn on a

(SR

blower when plate temperature reaches 45°¢.
6.7 POWER CONVERTER (1A4)

The power converter -is a commercial unit with the following
Motorola modifications: A110/220 VAC 5 AMP circuit breaker was
‘§ mounted in an opening cut in the front panel., An A-C line cord

[

was passed through the rear panel and routed to the breaker., The
line from the breaker output was returned to the rear and connected
internally to the barrier strip on the rear panel, For theory of
operation refer to the manual of the power converter, Mid-Eastern
Electronics Model 652-07, - '

] 6-109
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SECTION VII

7. AROD VEHICLE CHECKOUT EQUIPMENT v |
7.1 PURPOSE OF THE EQUIPMENT

The AROD Vehicle Checkout Equipment provides a test facility
for the AROD Vehicle-Borne System. It is intended to exercise,
at least, all functions of the system, and to evaluate various
aspects of operation to a fine degree. It willtalso serve as a

maintenance tool for'troﬁbleshooting the Vehicle-Borne Systenm,
’ : |

7.2 PHYSICAL DETAILS ! ‘
Physical details of the Vehicle Checkout Equipment‘are shown

in figure 7-1, a front view and figure 7-2, a rear view. The

rack ‘is a 5-foot standard 19-inch cabinet which contains several

major assemblies. The Vehicle Control Drawer (1A1) and the R-F

Translator (1A2) are mounted on slides with cable retractors to

permit operation in an open position. Power supplies required

for V-C/0 Equipment operation (%9 v, +3.5 v) are contained in

1A3 whereas 1PS1 supplies prime power for the Vehicle-Borne System.

Commercial assemblies included in the rack are a frequency counter

and time interval meter (HP-5245L with 5262A plug-in), a power

meter (HP-431B), a V-O-M (HP-412C) and a blower assembly. Other

éommercial equipment supplied with the V-C/0 Equipment are a

spectrum analyzer (HP-851B/8551B), oscilloscope (Tektronix 5854),

and a digital printer (HP-562A). A 115 volt AC distribution

strip is included in the rear of the rack for these auxiliary

instruments. Identification of the major subassemblies is

tabulated in table 7-1.

7.3 ASSEMBLY DESCRIPTION

All components of the rack are panel-mounted except 1Al and
1A2 drawers which are slide mounted. ’



Figure

7-1.

6-4334

AROD Vehicle Checkout Equipment, Front View
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Figure 7-2,

AROD Vehicle Checkout Equipment, Rear View
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TABLE 7-1. Rack-Mounted Assemblies

!

Part or ‘ Ref,
Assembly Name Model No, Manufacturer Desig.
CABINET ASSEMBLY 16-22619H01 Motorola
VEHICLE CONTROL DWR 01—22467HOI Motorola : 1A1
R-F Translator DWR 01-22468H01 Motorola 1A2
POWER SUPPLY, V-C/O 79-28467HO1 Motorola 1A3
POWER SUPPLY, IM-F28 LAMBDA ; 1PS1
VEHICLE ( ‘
FREQUENCY COUNTER 5245L HewlettJPackdrd
TIME INTERVAL UNIT 5262A | Hewlett-Packard
POWER METER 431B ' Hewlett-Packard
VOLT-Ohm-MILLIAMETER| 412C Hewlett-Packard
BLOWER ASSEMBLY SQO CFM-700-875 Stone & Smith
AUXILIARY EQUIPMENT |
SPECTRUM ANALYZER 851A/8551A Hewlett—Packard
OSCILLOSCOPE 585A Tektronix
DIGITAL PRINTER 562A Hewlett—Packard

7.3.1 Vehicle Control Drawer (1Al)

¢

The 1Al drawer is shown in figure 7-3 and the drawer layout in
figure 7-4., It contains two bays, each basically a transponder
simulator. Each bay contains 4 R-F type moduies‘and 5 digital
type modules, Transponder simulator #1 consists of A5, A7, A9,
All, Al13; simulator #2 consists of A6, A8, Al10, Al2, and Al4.
Modules A3, A4, and AlS'ﬁrovide functions common to both simu-
lators. Modules Al15, Al6 and Al7 provide a means for loading
and reading the Vehicle Memory. Modules Al9 and A20 are uSed to‘
drive the front panel display'laﬁps. Module A21 is a cdmmercial
"Variogon' phase shifter built to operate at 12.8 MHz, Shielding
is provided between bays, between the digital and r-f sections of
the drawer, and on the bottom, between the R-F sources for the
digital and the R-F modules., Table 7-2 presents a 1iéting of

components of the Vehicle Control drawer,

7 -4
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Figure 7-4, Vehicle Control Drawer Layout, Top View B
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TABLE 7-2. Components of Vehicle Control Drawer

Module Title Part No. Manufacturer
1A1A3 H, F. Mixer 01-22488H01 Motorola
1A1A4 VHF Demodulator 01-22663H01 Motorola
1A1AS Channel VCO's 01-22688H01 Motorola
1A1A6 Channel VCO's 01-22688H01 Motorola
1A1A7 Reference VCO 01-22694H01 Motorola
1A1A8 Reference VCO 01-22694H01 ~Motof01a
1A1A9 Frequency Dividers 01-22444H01 Motorola
1A1A10 Frequency Di&iders 01—22444H01 Motorola
1A1A11 Code Control: Unit 01-26384G01 Motorola
1A1A12 Code Control Unit 01-26384G0O1 Motorola
1A1A13 Data Encoder 01—26381G01 Motorola
1A1A14 | Data Encoder 01-26381G01 | Motorola
1A1A15 Memory Prog. Gen. 01-26390G01 Motorola
1A1A16 Memory Data Clock 01-26392G01 Motorola
1A1A17 Memory Prog. Control 01-26394G01 Motorola
1A1A18 Time Pulse Generator 01-26387G01 Motorola
1A1A19 Lamp Driver 01-29197G01 Motorola
1A1A20 Lamp Driver , 01-29197GO1 Motorola
1A1A21 Variogon. Phase Shifter V56A52 | Nilsen Mfg, Co.
7.3.2 R-F Translator (1A2)

The 1A2 drawer shown in figure 7-5 contains the higher frequency
It is a fully shielded, R-F

circuitry (138, 1800, and 2214 MHz).

tight en

closure,

The internal portions of the drawer are compart-

mented to provide shielding between the various functions. The

VHF (138 MHz) circuitry and the supply distribution are in separate

compartments on the bottom of the chassis.

Separate compartments

are provided in the top section for the calibrated attenuator and

for housing the three R-F type modules,

The latter are (2)

multipliers, X16 (28.1 to 450 MHz) for the two transponder simu-
lators, and a multiplier, X64 (6.4 to 414 MHz) for the 2214 to

1800 MHz
nents of

translator,
the R-F Translator,

Table 7-3 presents a listing of major compo-




6-4339

R~F Translator-Drawer

Figure 7=5.
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TABLE 7-3. Components of R-F Translator Drawer

Module Title Part No. . Mfr.

1A2A1 Mult. X16, Biphase Mod. 01-22594H01 Motorola
1A2A2 Mult. X16, Biphase Mod. 01-22594H01" Motorola
14243 Multiplier X64 01-22673H0L | Motorola
14244 Multiplier X4 | 01-28469H01 | Motorola
1A2A5 Multiplier X4 01-28469H01 | Motorola
1A2A6 Diplexer 01-20119J01 Motorola
1A2A7 Mixer | 2523-BG Sage Labs

7.3.3 Checkout Equipment Power Supplies (1A3)

Power supplies to operate the V-C/0 Equipment‘circuitry are
contained in 1A3 drawer. These include commercial modular units
supplying +9 vde, -9 vde, +3.5 vdc and circuitry to derive -3.5
vdc from the -9 vdc supply. The +3.5 vdc supply is actually
operated at +5.2 vdc Whiéh permits further decoupling in the 1Al
drawer to +3.5 volts.

7.3.4 Vehicle Power Supply (1PS1l)

A voltage of +28 vdec at 7 amperes for the AROD Vehicle-Borne
Equipment is supplied by the 1PS1 drawer, The supply is a com-
mercial unit (Lambda LM-F28) and is adjustable over a range of |
24-32 voits to simulate various operational conditions during

°

Vehicle Equipment Checkout,

7.3.5 Rack Cooling

A blower is installed at the bottom of the rack and is designed
to keep the internal rack temperature rise to less than 15°C above
ambient,

7.3,6 8Size and Weight

Table 7-4 gives the size and weight of the V-C/0 Eduipment and
various subassemblies.



TABLE 7-4. Equipment Size and Weights

Dimensions (inches)u ‘

Assembly Name - ' Height | Width | Dépth Weight (1lbs)
V-C/0 Rack, Complete 60 21 28 470
Control Drawer, 1Al 14 19 21 53
R-F Translator Drawer, 1A2 0% | 19 22 55
V-C/0 Power Supplies 5% 19 12 32
Vehicle Power Supply 33 19 | 17 ﬂ%
Electronic Counter . 5% 19 16 _ !
Blower Assembly . 7 19 9 ‘%,

7.4 VEHICLE CONTROL DRAWER, 1Al

7.4.1 Assembly Requirements : J

The Vehicle Control Drawer is divided into four basic sections. B
The left half of the drawer is simulator No. 1 and the right half, -
simulator No. 2. These halves are in turn divided 1afera11y to ”“}
separate rf and digital functions. Shielding is provided, in ' id
order to reduce crosstalk between simulators and'to isolate the
rf from the digital circuitry. Digital power wiring is separated ,ﬂ
from r-f power wiring by shields on the bottom of the drawer.

7.4.2 Design Approach . ‘: ’ . -

The fundamental design approach of the Vehicle Control Drawer
followed designs, both mechanical and electrical, previously
worked out for the AROD Transponder Station Equipment. The r-f

S

§
w 2
3
!
o

modules are constructed in the 3-channel arrangement providing
good rfi protection and.allowihg for -convenient assembly. Digital-
modules are built on 6 x 6 inch motherboards and utilize to a
great extent microharness modules developed for the Transponder

: £
Station. ; ~ ?




J

7.4.3 Theory of Operation

7 4.3.1 Transponder Simhlator Mode

Each of the transponder simulators is designed to work with
three of the four Vehicle Equipment Receiver Channels, Simulator
No. 1 on A, B, or C and Simulator No. 2 on channels B, C, or D.
For simplicity, this discussion will be 1imited to simulator
No. 1, but is applicable to simulator No. 2 if nomenclature and
frequencies are changed.

The transmission is derived from a stable 12.8 MHz!VCO located
in module 1A1A7. The frequency may be set quite precisely with
the ten-turn potentiometer (R1) on the drawer front panel. To
obtain an output frequenéy of precisely 28.11875 MHz, a phase-
locked loop is used, comprised of part of 1A1A5, 1A1A7, and 1AlA9,.
The'operation is shown in the simplified block diagram, figure 7-6,
The 12.8 MHz signal is doubled and mixed with the 28.11875 MHz to
produce a difference output of 2,51875 MHz. This is shaped and
divided, in 1A1A9, by 403 to provide a 6.25 kHz pulse output
hayving approximately 20 - 80 percent symmetry, The 6.25 kHz
ontput is multiplied by 64 and shaped to form a 400 kHz sym-
metrical square wave. The 12.8 MHz input to 1A1A9 is divided
by 32 to provide another 400 kHz square wave. These two 400 kHz

' signals are compared in an "exclusive or'" circuit which produces

an 800 kHz output, the symmetry of which is depehdent upon the
phase relation bf the two 400 kHz signals. The 800 kHz output is
fed into an actlve loop fllter which detects and amplifies the )

dc shift produced by the varying symmetry of the 800 kHz square
wave., The output of the loop filter drives the 28,11875 MHz VCO,
such that any change in dc output from zero volts produces a change
in phase of the VCO, in turn driving the loop filter output back |
towards zero volts.

The phase-locked loop has the following characteristics:

| Open loop gain 15,750
Loop filter dc gain 23
Noise Bandwidth (BL) 100 Hz

7-11
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"In changing operation to“Chanpel B, the channel VCO is changed

to 28.125 MHz and the frequency divider is changed to 404, For
Channel C, the VCO becomes 28,13125 and the divider 405, The
proper VCO_and divider ratio are selected by contacts on the
CHANNEL SELECTOR, S53, on the front panel of 1Al drawer. The
output of the 1Al drawer?is then fed to the 1A2 drawer for a X64
multiplication resulting in:

Channel A:  28.11875 x 64

= 1799.6 MHz
Channel B: 28,125 x 64 = 1800.0 MHz
Channel C: 28.13125 x 64 = 1800.4 MHz
Channel D: 28,1375 x 64 = 1800.8 MHz

Data for use in modulating the L-Band signal (accomplished in
1A2 drawer) are generated from the 12.8 MHz signal in the Code
Control Unit, 1A1All. Status of AH and DRC, and site data, are
generated in the Data Encoder, 1A1A12, and used to drive the code
control unit to generate the complete Transponder Station modu-
lation. Either "low-code'" or "Track'" mode may be selected by a
front panel switch. |

7.4.3.2 Translator, or Coherent, Mode

Since a major portion of the coherent mode circuitfy is con-
tained in the 1A2 drawer, a complete description of this mode is
reserved for the discussjion in paragraph 7.5.3.2,

The function of the 1Al drawer in the coherent mode is to
generate a subharmonic of the translation frequency of 414.4,
414.0, 413.6, or 413.2 MHz. This is done by utilizing the S-Band

" subharmonic, 34.59375 MHz, from the vehicle equipment. The

34,59375 MHz signal is mixed with the 28.1 MHz VCO signal to
produce frequencies as follows: '

Channel A: 34.59375 -28.11875 = 6,475 MHz
Channel B: 34,59375 -28.125 = 6.46875 MH=z
Channel Cr 34.59375 -28.13150 = 6.4625 MHz
Channel; D: 34.59375 ~28,1375 = 6,45625 MHz

' 7=13



~ To generate these frequencies, the proper VCO and divider
programming are selected by CHANNEL SELECTOR, S53,. TfanSponder
simulator No. 1 is used for channels A and B; whereas, simulator

No. 2 is used for channels C and D. The code control units of
1Al drawer are not used..'However, an output of the 12.8 MHz -
reference VCO is fed to the Vehicle transmitter code control

unit, along with site data from the code generators, to produce

modulation on the Vehicle transmission which is coherent with ,
the V-C/0 12.8 MHz VCO. '

7.4.3.3 Code Control Units

A code control unit (1A1All, 1A1Al2) very similar in design
to the Transponder Station code control unit is provided for
each simulator. Each code control unit generates the transponder
transmit Z code (c/o TT-Z and c/o TT-Z) which is used to modulate
the L-Band transmissions. It utilizes the 12.8 reference fre-
quency to generate the H-code sequence and the L-code sequence.
In addition, it accepts "S-Band Data'" from the Data Encoder to

produce the complete data signals. Provision is made to switch
the output from L ® D to L € &1 (Fy. € F,/2) € D by use of a front
panel switch, S48, The code control units are also capable of \j
being preset by a delayed Ligy bulse (RANGE, " ADJUST & RESET).

[

- 7.4.3.4 S-Band Data Encbders

A data encoder (lAl1Al3, 1Al1Al14) is provided for each trans- s
ponder simulator. It generates a 10-bit message format essen- ' !
tially the same as produced by the Transponder Station Control .
Logic, The generated messagé is transmitted at the rate of u§
approximately 50 information bits per second, which corresponds

to 1 bit per L-code period. The encoder utilizes L,,, and Lgg
pulses from either the c¢/o code control unit or the Vehicle Code
Control Unit, the selection of which being determined by the
position of CHANNEL SELECTOR, S53. The sync portion of the coded
6utput consists of 3 bits, having sub-bit logic levels of 111000,
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The next 6 bits constitufe the station ID and are proérammable
fhrough the front panel switches (S29-34 for channel A-B-C, and
835-40 for Channel B-C-D). The last bit provides the status of
AH and DRC in accordance with the setting of control sw1tches,
S41, S42 (Channel A-B-C) and S43, S44 (Channel B—C—D)

Functional Description

The Station Control Logic Encoder Module, 69-24444G is used
to generate the required S-band timing and data format. "It also
encodes the site ID code data for S-band transmission. The S-~band
data are transmitted to the vehicle in a 10-bit data format as
shown in figure 7-7. The first 3 bits (6 sub-bits) are used as
word sync, which is represented by the sub-bit patterh 111 000.
Bits t4 through t9 are the site ID code, which are inserted by
6 toggle switches.. The last bit, th’ represents the station
status. The significance of the two status sub-bits is given
in table 7-5. The first sub-bit represents the status of T-AH
and the second sub-bit represents that of Doppler—reverse—complete

(T-DRC) .

tl] tzl 3| %y ltsl-ts | lts 't9 10

Sync Site ID Status

Figure 7-7.  S-Band Data Format

TABLE 7-5. Station Status

Status Bit 10
T—AH T-DRC 1st Sub-~bit 2nd Sub-bit
0 0 0 1
0 1 0 0
1 1 1 0
1 o 1 1




P

The S-band data rate is approximately 50 bits per gécond.
Each data bit is encoded into two sub-bits. A data bit ONE in
the site ID code is encoded into a sub-bit ZERO followed by a
sub-bit ONE, while a ZERO is encoded into a sub-ﬁit pair of
ONE - ZERO. The status data bit is uniquely encoded as described
previously. The resulting transmission rate is approximately
100 sub-bits per second.

Inplementation

The Encoder Module, 69-24444G, uses TL59 and TL127 from the
transponder Code Control Logic as clock pulses. Gate Gl6 accepts
and combines the two sigﬁals to form TL59 + TL127, which is
labeled as Q—Efgg. The output of G16 comes out of the module
and is routed to an EX/OR (B6 of Figure 7-8), which selects either
this clock or that of thg checkout equipment clock, C/0 TL59 +
575_TEI5; from gate Gll, as determined by the gate control switch.
Regardless of whichever input clock is selected, flip-flop FF6
(figure 7-8) divides the output pulses of the EX/OR by 2 to .pro-

vide the Encoder Module with CLSB and CLSB'

The 10-bit S-band data format is generated by:a 10*s'counter,
FF4, FF5, FF6 and FF7, in the Encoder Module, F}ip-fiops FFr4,
FF5, and FF6 are connected as a shift register with feedbacks
gated through G13 and Gl4, FF7 is a simple binary toggle flip-
flop.v The 10 states of the counter and the corresponding
T—pulses are given in table 7-6, Note that not all 10 states
are explicitly used. Gates G21, G22, and G23 are arranged to
pick out, respectively, the S-~band T2, TB, and T9 pulses
(no relation to the vehicle T-pulses). The S-band timing diagram
is shown in figure 7-9,

The word sync pattern (111 000) is generated by selecting the
second half.of T2 with G12 and combining it with T3 at Gll; 10
is used as an inverter to provide the proper phase for G20, The
TRANSMIT ENABLE signal is grounded so that FF2 is set by T3
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TABLE 7-6, States of 10's Counter

T-Pulse FF4 FF5 FF6 . FF7

T1
T2
T3
T4
TS5
T6
T7
T8
T9
T10

© O M H. H O O K H K
O M H MO O K K H O
H H = O © H H M O O
I PJ-Q'CD o o o

through G4 and G5. The ZERO output of FF2 enables the site ID
data to pass through either G18 or Gl9. FF2 is reset at T9,
which also sets FFl1 for one T-pulse period, The ZERO output of
FF1 enables the station status data to pass through G17. The
significance of the station status bit is given in table 7-5,
The first sub-bhit of T10 represents the status'of'T—AH and the
second sub—-bit represenﬁs,the complement of T-DRC. . The sync,
site ID data, and station; status are combined by G10 to form a
single serial output. Thé EX/OR, Al, is used as a data selection
gate to accept either the output of G1l0 or external data, such as
a new memory system. The actual data'seleétion is determined by
the state of FF3. If it is a ZERO, the output of Gl0 is trans-
mitted to the vehicle, otherwise external data is transmitted.
Whenever the LOAD MEMORY signal is a ONE, LOAD MEMORY is neces-

_sarily a ZERO, and FF3 is set by TlO-CLSB to select the external
‘input data and to enable D1 to supply CLSB clock pulses to the

external data source., As long as the LOAD MEMORY signal remains
a ONE, only external data are transmitted to the vehicle, However,
as the LOAD MEMORY signal for the S-Band Manual Data Encoder is

connected to Vece, the extérnal data mode of operation is effectively
inhibited, |



The S-band data format is always generated by the Encodér 1§
Module as long as Veec and clock pulses are available., The site |
ID data and station status are inserted into the data format by
the appropriate T-pulses. The site ID code is represented by 6
toggle switches, S1 through S6. These switches are arranged to
either pick up the pertinent T-pulse or ground during the interval
between T4 and T9. Since only T9 is available from the Encoder
Module in this interval, a shift register (FFl through FF5 of
figure 7-8) is used to generate the required T—pulses.: Gate Gl
and expander G2 of figure 7-8 combine the output of the switches

and furnish the Encoder Module with SITE ID DATA and SITE ID
DATA.

The T-DRC and T--AH signals are simulated by two toggle switches,
SDRC and SAH respectively. Note thgt the ONE input to SAH is
ground while the ZERO input is Vecc. This is exactly opposite to

the normal definition but is necessary so as to supply the Encoder
Module with the correct interface signal. When the SAH switch is
at the ONE position, it implies that T‘—AH is a ONE, but the actual
output is low (AH), GatevGG of the Encoder Module combines the

SAH switch output with CLSB' The SDRC output is gombined with CLSB
by G9. The effect of gating the SAH switch output with CLSB and
the SDRC switch output with CLSB is to encode the T‘--AH s;gnal into 4 v
the first sub—bit and the T"SDRC signal into the second sub-bit. e
Finally the output of G6 and G9 is gated through G17 by TL0 (the

ZERO output of FFl). The output of Gl7 is the complemént of
table 7-5,

The operation of the S-Band Manual Data Encoder is relatively
simple., Assume that power and input clock pulses are properly
connected, The Manual Data Encoder automatically generates the’

sync pattern and encodes the output of the site ID and station
status switches, If the 6 site ID switches are all set at ZERO
and the two station status switches are set at ONE, the S-band

transmission data consist of 7 ONE-ZERO sub-bit pairs interlaced ]
between the sync patterns. . )
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‘A delay circuit, consisting of two discrete component one-shots,
is also incorporated on the S-Band Encoder motherboard for
éroviding a delayed TL127 pulse (VTL127) to the Vehicle Chgckout
(C/0) Code Control unit. The first-one-shot (0,S.#1) is triggered
by the TL127 input pulse and provides an output pulse, the width
of which is variable from 0.2 - 13.3 milliseconds and controlled
ome ‘ 127 TIME DELAY%CONTROL.

The second one-shot (0,S., #2) is triggered by the trailing edge

By an external potentiometer labeled TL

of the 0,S, #1 output pulse and in turn provides an butput pulse
having a fixed width of 400 microseconds (nominal); this output
pulse is further amplified by G10 and D3. A second input to D3
from the C/0 CODE CONTROL switch is used as an enable for

controlling the transmiséiop of VTL127 to the code control unit.

7.4.3.5 Time Pulse Generator

The Time Pulse Generator, 1A1A1l8, generates the waveforms
necessary to effect a printout of the desired dafa word, The
Vehicle Data Readout unit normally provides a serial stream of
ten words of data to the telemetry equipment. The telemetry
supplies pulses at the rate of 4 pps, this rate having a slightly
larger period than required to encompass the entire data format
between pulses. The pulses are referred to as "Reset TM" pulses,
The Time Pulse Generator éupplies the Reset TM pulses during test,
by dividihg down a 40 pps oscillafor. In addition, it generates
a "Print Command" pulse properly timed to the Reset TM pulse so
that any one of the ten data readout words may be printed out on
the HP-562A Digital Printer. The desired word is selected by the
front panel switch, 858,‘WORD SELECT.7 The Time Pulse Generator
also generates a "Reset RT" pulse, acutated by the front panel
switch 859, which resets the Vehicle S5-minute timer,

7.4.3.6 Memory Program Generator

The Memory Pfogram Generator consists of three modules, 1A1lAlS5,
16, and 17, and although separated, they operate as a unit, tied
to the front panel control switches S1-S28, The function is to
load and/or read, the Vehicle magnetic core Memory. The generator
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is driven by an internal clock of approximately 800 Hz, In. }j
loading the memory, a series of 24 cycles is gated on, producing |
12 bits of "Prime™ data alternating with 12 bits of "Alternate"
data. These 24 bits are programmable with switches S5 through S28,
The series of 24 bits is repeated 5 more times, with coding
switches reset each time, to load in the 6 prime and alternate

station ID's and the 6 prime and alternate maximum ranges.

Twenty-four toggle switches are used to generate the load
memory data where each switch represents a data bit. The 24 data
bits are;defined as a memory word, which consists of 6 bits each
of prime and alternate site ID codes and their respective maximum
range data, The data bit arrangement within a mémorykword is
shown in Figure 7-10, where Pn and An’ n =1, 2,'....; 12,
represent respectively the nth bit of the prime and alternate site
data, This is the exact position in which the prime and alternate

site data are stored in the vehicle memory.
ONE MEMORY WORD

P A PohAyPgAsP A PoAPAP A PAPIAGP) 681 oP11811P 12812

Figure 7-~10. Memory Word Data Format

In actual system operation, the vehicle memory is under the
control of the System Control Logic. Memory data are serially :
12 last,
The System Control Logic separates the prime and alternate site
data, The appropriate site ID data codes are transmitted to the

transponder station in the same order .in which they are read out

read out, a complete word at a time, with P1 first and A

of the memory, Since data are always read out in the same order
as loaded into the vehicle memory, it is extremely important in
setting up the 24 data switches that the low order bit of each
group is loaded into the memory first, This is particularly true
for the maximum range data, If they are loaded into the memory
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in the opposite order, -it is impossible for the vehicle System
Control Logic to obtain meaningful results from the maximum range
data comparison operation, : ’

The'Memory Program Generator is built on 3 motherboards, ex-
cluding the indicator light and switches which are located on the
front control panel. The logic diagram is shown in Figure 7-11,

Load Memory

The Memory Program Generator provides two modes of operation,
READ or LOAD, according to the setting of the READ/LOAD switch,
This section describes the LOAD memory logic as givenzin Figure
7~11. The READ operationlis described in the- Read Memory section,

-
]

i

The basic input clock is labeled 2CL. It may'be either internal
| or external, For convenience, an oscillator, D1 and D2, is built
»into the Generator which may be used as the 2CL ¢lock source.
Flip-flop FF5 divides the 2CL clock by 2 to furnish the CL and CL
pulses for internal operation. )

i ' Assume that the READ/LOAD switch is in the LOAD position and

| the operation switech is OFF. The 24 data switches are properly

set to provide the required data for the first word to be loaded

into the memory. As long as the operation switch is in the OFF

| position, the Generator is inoperative due to the fact that the
output of G2 is a ONE (high level). When the operation switch is

3 changed from the OFF to the ON position, the following events

~~~~~~ i occur:

" 1. The output of Gl immediately becomes a ONE which forces
a ZERO at the output of G2 to enable the Generator to
operate according to the setting of the READ/LOAD switch,

2, Gate G13 combines the output of G2 and LOAD MEMORY to put
a ‘ONE on the LOAD MEMORY output line for the vehicle
memory control logic,
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3. G19 detects the different states in FF1l and FF2, and
sends a one-shot pulse to preset the vehiéle memory word
counter to the laét word position. Flip-flop FF21 is set
by the PRESET pulse to turn on a lamp on the front panel,

which indicates that the Generator is in the load memory
mode ., '

After the Memory Program Generator completes the above housekeeping

routines, it is ready for the actual execution of the load memory
operation,

The load memory data are. provided by the 24 data switches,

These switches are labeled P, through P12 and A1 through A

1 12 @S

shown in Figure 7-11, Switches P1 through P6 are used to generate

the prime site ID code and P7 through P12 its maximum range data.
P1 and P7 represent the 10w order bits, 20, of their respective
groups while PG and P12 the high order bits, 25.: The An switches

are similarly divided to generate the required déta for the alter-~

nate site. These data are serially loaded into the vehicle memory

-in a fixed word format, as shown in Figure 7-10. The prime and

alternate site data are interlaced in such a manner that the prime
site data are always 1ocated in the odd bit positions and the
alternate site data in the even bit positions counting from left
to right., For a given memory word, P1 enters the vehicle memory
first and A12 last; i.e., low order bit first. For most practi-
cal purposes, if the site ID codes enter the vehicle memory in

the opposite order; it is possible to set the site ID switch bank
in the transponder station accordingly so that it responds to the

appropriate set of 4 site ID codes stored in the vehicle memory.

However, the maximum range data must enter and leave the vehicle
memory low order bit first, otherwise the maximum range data com-
parison operation performed by the vehicle system control logic
is meaningless,

The actual load memory operation cycle is initiated by the
START/ADVANCE push button switch. The output of the switch 1is

7~24

f-




3
e
. -
- >
- .
L4

TA/A?U %, PIQ/ME 57A TION 5/ ?"
, “ALTK/?NA?"E

* @ & B ®
> » @ 5 S @ £
‘W:‘"‘-w - ke e s y‘ga 5-&@:»- W v* 4 gy

| $24

775
167

TE?
/ES

1

PR

FFIE b

185

o

AT




el

ITCH

>

x

«

RS

THRY £ = RANGE
|

I

T

fa

>
£t

ol

+f 254

R

11

T T R e g g <

“FOIDOUT

D

ha




|
|

st i

B e Uy i oo Y gy .
£y o AT %

@ & ® * * ®
. . N . o =
# El # ® “ *

e - P i~ 3 -
» o RRRE IO A Lot T R 2w e gy gt R g ey A g
Y

~
AN

MR I

R L o Tt I




—

O sRATIon

i e B e e -

424 A28
| . o
] .

. ' i:
; i
! . '
; .
‘3 z £ 5
L g o sl o e . 3/:5
e cterp A -

Ze=s ppy
e 2FT N .

FErD Mo Ry
(R

— %

[ 21

o r

LOAT JAF ISR
(L A7)

377
T e 4 [ OFF
o0
‘E = 2 s 4 E5 '
— START/ADVANCE {243 s ) 282 g
} \/cc' I Fz-? S B YR
: .
é e ~ &b -
= COMALETE ELINE
5 * o 58 3)227
| . _
N OVE VOKD
§ Y
3z
s
L e et e i B R W o Bl 8o PR i it




5 Ky, 388;
AR il oayg
€07 =
{
A gl
gL
A& 22y
-
TFi4

S

2CL /ExrTErisL coses

( LESD THAN 1T /

FRRP e e . RS T O

FOLDOUT FRAME ). ) 5 &

-




DL Vo & BN
f 2Ai0 e
?’r} 8 %'4

ﬁf/@w &ﬂl‘ﬁ z’* o
¥ zce ek

P, J’Tl s e g e
i T WL SET
A

‘ A
=2
L7 S
- -

Lo s Lomy tEMoRY TMDNATEE

e s e ol e s e e

1 b - . "

—d ~‘fi — MEERY JoAB Lo PLETE fersE

. 22D MEMORY
G

{
~

A
)

Grinae

e N i irees e et el
ML RIS Tan T .

—0
= (Fewe T-I)

G9- 24634 G
MEMOQY PZPOG,QAM"

o R ot i Lo,




PRECEDING "P?*{GE BLARK KOT FILMED.

shifted into FF3 and FF4 by the CL pulses to synéhronize the switch
output with the internal timing pulses as shown in Figure 7-12, and
to eliminate contact bounce, The output of G5 is a one-shot pulse
which starts the T-pulse generatdr, Fr8 through FF20, As a ONE is
shifted into FF8, gate G21 applies a positive pulse, T1, which is
one CL period wide, to the ONE side of both data switches P, and
Al' The other T-pulses are similarly applied to the corresponding
data switches, The output of all prime site data switches are
combined together by G42,'G43,G44, and G41 to form a single

output, The output of the alternate site data switches are
similarly combined by G45, G46, G47, and G40. T@e prime site data
are controlled by the CL pulses at G39 and the aiternate site data
by the CL pulses at G38, The prime and alternate site data are
finally combined together at G37 before they are loaded into the
vehicle memory through G36. The effect of gating the prime site
data with CL and the alternate site data with CL is.to divide each
T~-pulse into two halves with the prime site data occurring in the
first half and the alternate site data during the second half,
Therefore, two data bits are loaded into the vehicle memory during
each T-pulse period.

As the LOAD MEMORY DATA emerges from G36, the vehicle memory
control logic is provided with exactly 24 READ/LOAD clock‘pulses
by G35. These 24 pulseséare synchronized with the load memory data
by FF7, which is sét_by the start pulse at the same time as FF8 of
the T-pulse generator, After the last data bit, A12,‘°f a memory
word is loaded into the vehicle memory, FF7 is reset at T1l2. The

" memory control logic automatically advances the word counter to the

next word position. Additional words may be loaded into the
memory by repeating the load memory procedure described above,
When the vehicle memory is completely loaded, it sends a LOAD
MEMORY COMPLETE signal back to the Generator to reset FF21l, which
turns off the load memory indicator light. Although the indicator
light 18 turned off after the vehicle memory is complétely loaded,
the Memory Program Generator remains in the LOAD memory mode,
Until the READ/LOAD switch is manually changed to READ, the

!
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START/ADVANCE pushbutton switch always sets FF21 to keep the load
memory indicator light on and loads data into the vehicle memory.
After the vehicle memory is completely loaded, the OPERATION
switch must be returned to the OFF position so as to prevent
accidental loading of unwanted data into the memory.

Read Memory

"The Memory Program Generator may be used to rqad_data out of
@he vehicle memory. The READ operation is intended primarily as
a means to verify the correctness of the data loaded into the ;
vehicle memory. There afe.two options in which data may be read
out of the vehicle memory, depending on the position 6f the
COMPLETE/ONE WORD switch. If the switch is in the COMPLETE '
position, the Memory Program Generator supplies the vehicle memory
with the required READ clock pulses and an advance memory signal
to completely recycle the vehicle memory. If the switch is set
at the ONE WORD position; only the selected memoiy word is
repeatedly read out. The desired word is selected manually with
the START/ADVANCE P.B. switch. '

It is not premissible to change the position of the READ/LOAD
switch unless the OPERATION switch is in the OFF position, When
the READ/LOAD switch is in the READ position, the output of GS8

~inhibits the LOAD MEMORY DATA at G36 and élso forces the LOAD
- MEMORY signal, output of G13, to become a ZERO. The actual READ

memory operation starts with the OPERATION switch. As the switch
position is changed from OFF to ON, G19 generates a one-shot
pulse as described in the LOAD MEMORY section. This one-shot
pulse is used to preset the vehicle memory word counter to the
last word position and is gated through G9, G10, Gl1, and G33 to
start the’T—pulse generator and to set flip-~flop FF7. Gate G35
is enabled by the reset output of FF7 to supply the vehicle
memory with 2CL READ/LOAD clock pulse. As the T-pulse generator
counts to T12, FF7 is reset to inhibit the READ/LOAD clock pulses
at G35, so that only twenty-four (24) 2CL pulses'are supplied to
the vehicle memory per READ cycle. If the COMPLETE/ONE WORD
switch is set at complete, T12 is gated through G6, G7, Gl4, and
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G49 to set flip-flop FF6 for one CL pulée period which enables G18
to clock TI3 to advance the vehicle memory word counter to the
next word position, T13 resets FF6 and at the same time it is
recirculated through G9 to restart the T-pulse generator and also
sets FF7 to read the next word. The READ cycle is repeated every
13CL pulses until it is stopped by the OPERATION 'switch.

If the COMPLETE/ONE WORD switch is in the ONE WORD position,
the automatic advancé memory feature is removed by inﬁibiting Ti2
at G6. The same word isyrepeatedly read out, Tﬁe deéired word
‘is selected with the START/ADVANCE P.,B, switch. When this switch
is actuated, G5 generates a one-shot pulse to set ¥F6, which
dllows only the next T13 to pass through G1l8 to advance the
vehicle memory word counter. Therefore, the desired word can

always be located by the use of the START/ADVANCE P.B. switch,

7.4.3.7 Lamp Drivers

The Vehicle Control drawer contains two identical lamp driver
modules, 1A1A19 and 1A1A20. ©Each module is designed to drive 16
lamps, 8 with logical "1" input and 8 with logical "0" input,’
The circuit makes use of half-wave rectified alternating current
és a lamp source. In addition to the saving in d-c power supplies,
fhis arrangement permits the use of a simple, self-quenching
silicon controlled rectifier driver. The circuits are designed
to be positively "ON" or "OFF" as required with an input of 0 to
0.25 vdc and to switch at a.voltage greater than 0.75 vde. To
provide isolation for the Vehicle Equipment circuitry, a 5600 ohm
resistor is provided in each status line. Standard logic levels
are received for V4 state, AL and AH. Inverted logic levels are
received for the VO, Vl’ Vz, and V3 states.

7.4.3.8 Variogon Phase Shifter

The Variogon Phase Shifter is a proprietary design of the Nilsen
Company. It utilizes their special capacitive resolver producing
a smooth 360 degree phase shift to the 12,8 MHz input for each
revolution of the resolver dial, Tuned amplifiers are provided to
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give the unit an overall gain of essentially zero dB, and to limit

harmonic and sburious content in the output to an extremely low
level. |

7.4.3.9 VHF Demodulator

A simplified block diagram of the VHF Demodulator is shown in
Figure 7-13., The VHF Demodulator utilizes a pasSive discriminator
followed by an integrator to recover the 18.75 kHz subcarrier
from the 138 MHz carrier. The discriminator is wide bandwidth
(1 MHz) and fairly low in sensitivity, requiring an input of
abodt +20 dBm from the 1A2 drawer. The 18.75 kHz output is
amplified and fed into a balanced demodulator.

An 18,75 kHz input from the AROD Vehicle is delayed such that
it is precisely 180 degrees out-of-phase with the 18.75 kHz
subcarrier and shaped into a sine wave. (Since the latter was
derived from the former in the Vehicle equipment, there is no
problem of synchronization.) This signal is also fed into the
balanced demodulator. The output is a three-level logic signal,
which, when amplified and filtered, can be comparéd to the
original sub-~bit data.

7.5 R~F TRANSLATOR DRAWER, 1A2

7.5,1 Assembly Requirements

The assembly provides a calibrated output at 1800 MHz at levels
down to ~140 or ~150 dBm. This requires exceptionally gooa
shielding, especially from the input of the calibrated attenuator
to the output terminal of the drawer,

7.5.2 Design Approach

The drawer is divided vertically by a horizontal plate. D-C,

" 60 Hz ac, and 138 MHz VHF signals are contained in the bottom

section, with the dc and 60 Hz AC partitioned off from the 138
MHz. The upper compartment contains all S-Band signals as well

as the subharmonics used to generate them., A separate compartment
i's provided for the 100 dB calibrated attenuator and diplexer,
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Figure 7-13,

VHF Demodulator, Simplified Block Diagram
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All surfaces are gold plated and all panel-mating surfaces have
wide flanges with double gasketing of "Metex".

7.5.3 Theory of Operatidn

7.5.3.1 Transponder Simdlator Mode

A simplified block diagram, showing'only those components
used in this mode is given in Figure 7-14. An input frequency of
28.11875, 28.125, or 28,13125 MHz, depending upon the channel of
operation, is fed to J5 and a frequency of 28.125, 28.13125, or
28.1375 MHz to J6. |

o,

Modules Al and A2 are identical. Each contains an X2 and an
X4 multiplier, followed by a biphase modulator and a final X2
™ multiplier. The 450 MHz output is fed to a passivé, "strip~line"

X4 multiplier which utilizes a step-recovery diode. The outputs
of the two X4 multipliers are fed through fixed attenuators and
adjustable attenuators permitting individual channel level-set
adjustments from the front panel of the drawer. The two simula-
tor outputs are combined in AT9 and fed into the calibrated |

(-~

attenuator at a level at'approximately -40 dBm, The output at
J24 is taken through the diplexer A6, 1In operation, the Vehicle
output at 2214 MHz is present at the other output of the diplexer,

s but is not used in this mode, ZEither simulator may be turned ON
. : © or OFF by a switch on the front panel of the 1Al drawer, This
oy operation controls the application of +9 volts to the X16 multiplier,

7.5.3.2 Translator or Coherent Mode

i
|
£
|

A simplified block diagram of 1A2 components used in the
coherent mode is given in figure 7-15. Transmission is possible
on only one channel at a time, depending entirely .upon the

frequency of the 6,4 MHz signal input at J7 (from 1Al drawer).

7-33




weadetqg ¥oord porrITduilg “wcoz_AOpmHBEwm Japuodsuea],

s

"pI-L @2an3tyg

‘»zQCH

 qJ0g pesnup ‘4|||~ posn-u)
g . I9PTATQ
el - QP STI-ST (9a130e3Y) Le19y
g > TexaTdin | U9y = qp € *xgoy [
ZH{ 0081 9V Ly 9IV 1y
J0qTUoy > . ” .
o 00T Loy *dep STT
ncur *poy
*Poy
ap Of-0 QP OoT | B eseys-1g qndur
wworgy | "ueRy X 3T 25 05T |/ 9T x *aTwi) ZEA 162
ﬁ Ot Iy 9TV Sy 2V
hoMMnMoo T033u0) *9°Q Loy J30/UC
nduy *poy
61y _ 1033107 *0°Q waamgwpwauw.m
. *poy
QP 0%-0 . QP 0T » oseyl-Td qnduy
*us33y euszyay ¢ X 3Ty 2L 05N /9TX "IN O ZH{ 1°92
gLIv STV ny v

Loy Jro/uo

DECIEURRNPFRPR I AN

7-=34



J03TUOY =

wel3eIq }o01d poTFITdwig ‘epoj 3usiayo)d ‘gl-2 2andig

e
HA{ 0081 4083U0)
g _ > vwmscso
S JOPTATQ e ouIn3TI @e3)
LeToy (°AT3005Y) QP STT-ST ez T2z JO Ts4°T
> X809 > Qr¢ > cuajay anduy uo Surpuscep
T 9IV LIV qp o€ 0 ‘oz ‘0T ‘0
: uotqenueyyy 3IssUl -
Toxquo) °oep STT
JI3TTA
ap 51-0 °d 'd - qndur
LT ZH{ 0081 JoxT [ / 9 x *3TouL [~ 251 7°9°
SIV 114 Ly €Y
- qe 02 .uOHnmﬁ.DO , J9TTA 5 pd..m\wﬂo e 0031 :
JOTUOY ped ) < ox s *d°€ < Joxedrq 30 i DIl g
2HA MT122 U3y ta X 2 NT22 queuI ZEA NI22
: nay 100 2/1d AL

H .

7-35



Feniie

This signal (defined in paragraph 7.4.3.2) is multiplied up to -
414 MHz in A3 and mixed in A7 with a reduced amplitude, 2214 MHz
signal from the Vehicle Tracking Transmitter, The difference ’
frequency output of the mixer, 1800 MHz, is then amplitude-
controlled and fed out through the diplexer, A6, to form the

Vehicle receiver signal., In this configuration, the master
frequency control is the V-C/0 12.8 MHz VCO, Any error, or

offset, in frequency appears as Doppler, and is multiplied up
along with the signal and appears as the correctfalgebraically
multiplied Doppler on the 2214 MHz signal. The V-C/0 12.8 MHz
VCO also controls the Vehicle Transmitter Code Control in this
mode, which in turn provides the S-Band modulation. This fesults
in the correct Doppler on the modulatioh as well., As the Doppler
consideration may be difficult to understand;'consider the follow-
ing diagram, Figure 7-186, |

F_ = 34.59375 MHz o : 2214 MHz
X64

C/0 VCO SYNTII

12.8 Mz | A/B X64
£, * D | | i

Figure 7-16, Doppler Consideration

Fv is from the Vehicle frequency synthesizer and is assumed
constant, f  is the V-C/0 VCO assumed to vary in phase and
frequency with respect to the Vehicle 12,8 MHz VCO, D is the
Doppler offsct, which is actually the diffecrence in the Vehicle and
V-C/0 12,8 MHv signals,
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The 2214 MHz signal is then 64 Fv' The output frequency fo.is:

f
o

!
o
-

64 Fv - 64 [FV - (fv

+ D) %J

64 F - 64 F_ '+ 64 (£ + D)
v v v

>

oy
=64+ 5 (£ + D)

which shows the Doppler to be multiplied by precisely the same
. factor as the V-C/0 VCO,

. If the V-C/O VCO is replaced with the Vehicle 12.8 MHz VCO,
,E which can be done by proper patching on the front panel of the
1A1 drawer, the 1800 MHz signal will have no Doppler. ‘Further,
it will have a phase relationship to the 2214 MHz signal of a

‘small, fixed magnitude determined solely by the V-C/0 Equipment
delay. '

gt

7.5.3.3 VHF Circuitry

The VHF circuitry consists of attenuators and provides a
monitor point for the Vehicle Station Control Transmitter. A
i block diagram showing this portion of the 1A2 drawer is given in
Figure 7-17.

L

7-6. POWER SUPPLY, V-~C/O (1A3)

The 1A3 drawer contains three commercial, modular power

i
N marmi ol

supplied, +9 vdc, -9 vde, and +3.5 vdc, which'supply power to the
V-C/0 circuitry. A -3.6 vdc source is derived from the -9 v

! supply by a zener diode, An additional +3.6 vdc source, derived
J from the +9 v supply is generated and used to reset the Vehicle
System Control Logic. Application of this voltage is effected by
depressing "ACQUISITION" switch, S2, on the front panel of‘lAS.
Plus 5 volt reference voltages for the digital printer are

obtained from a voltage divider across the +9 volt supply.
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Figure 7-17. VHF Circuitry, Simplified Block Diagram

Separate fusing for the three supplies is not necessary since

the supplies have adequate built-in short protection for the load
side, The fuse, Fl, offers sufficient protection for a short in

~the AC wiring. For a schematic diagram of the 1A3 drawer, refer

to Drawing No., 69-28087J.
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SECTION VIII

8. TRANSPONDER CHECKOUT EQUIPMENT

8.1 DPURPOSE AND USE

The Transponder Checkout Equipment provides a ‘test and calibra-
tion facility for the AROD transponder stations.:' It is intended
to exercise the various operating modes of the transponder station
and provide a visual indication of the current dgtatus of the
station. Provision has been made to allow quantitative measure-
ment of the more important operating parameters, such as threshold
signal levels, acquisition times, and signal delay variations
through the station,

The checkout equipment is a valuable tool for maintenance
and troubleshooting of the transponder station.

8.2 TEST SET DESCRIPTION

The main portions of the test set are housed in a standard
19~inch cabinet rack having an overall height of 5 feet, Referring
to Figure 8-1, the major subassemblies, from the 'top of the rack
down, are a Hewlett Packard 5245L Electronic Counter with a
5262A Time Interval plug-~in, the Transponder Control Drawer (1lAl),
the R~F Translator Drawer (1A2), and a Hewlett Packard rack adapter
frame containing an HP 431B Power Meter and an HP 410C Electronic
Voltmeter. Mounted at the right~hand end of this framé is the
Main Power ON-OFF switch, which controls the 1l1l5-va¢ power to a
plug=in strip located in the rear of the rack, Next is an 8-inch
blank panel below which are the Checkout Equipment Power Supplies
(1A3), and a blower assembly to provide internal rack cooling,
Auxiliary equipment, considered part of the Checkout Equipment,
consists of a Tektronix 585A Oscilloscope and a Hewlett Packard

-851A Spectrum Analyzer, These major assemblies are tabulated in

Table 8~1, Figure 8-2 shows a rear view of the checkout equipment,
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Figure 8~1. AROD Transponder Checkout Equipment, Front View
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Figure 8-2, AROD Transponder Checkout Equipment, Rear View
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TABLE 8-1, T=-C/O Assemblies
Part or Reference
Assembly Name ‘Model No. Manufacturer Designation

Cabinet Assémbly }6-22619H01 Motorola 1

- Transponder Control 61-22465H01 Motofola 1A1
R-F Translator 01-22466H01| Motorola 1A2
Power Supplies, 01~28460H01| Motorola 1A3

T-C/0

Freguency Couhter 5245L Hewlett-Packard | - =

Time Interval Unit - 52624 Hewlett-Packard | -
Power Meter 431B Hewlett-Packard -
Electronic Voltmeter| 410C Hewlett-Packard -
Blower Assembly-'

Spectrum Analyzer 851A/8551A Hewlett-Packard L -
Oscilloscope 585A Tektronix t -
Oscilloscope Plug-In| 82 ,Tekfronix , -

8.3 ASSEMBLY DESCRIPTION

All components within the rack assembly are panel-mounted with
the exception of the 1Al and 1A2 drawers, which are slide-mounted.

8.3.1 Transponder Control Drawer (1Al)

The Transponder Control Drawer (1lAl) is shown in Figure 8-3,
The.major operating controls and status indicators, as well as
interconnections to the transponder station, are located on the
front panel, Located within the drawer are four R-F modules and
six digital motherboards. The R-F modules are located on the
left side of the drawer and the digital boards on the right,
Figure 8-~4 shows the location of these units, Rgférence desig-
nations have been assigned from 1A1Al1 to 1A1A10 starting at the

left rear R-F module and proceeding in a U-shaped pattern to

@k .
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Transponder Control Drawer

Figure 8-3.



SPARE - SPARE
SPARE 1A1A10
SPARE 1A1A9
1A1A1 1A1A8
1A1A2 1A1A7
1A1A3 1A1A6
1A1A4 ' " 1A1A5
Top View

Module Location

Reference .

Designation - :Module Name Part Number
1A1A1 YCO/Modulator : 61022676H01
1A1A2 Synthesizer Multipliers |  01-22494HO1
1A1A3 ‘Reference Generator 01-22671HO01
1A1A4 Channel VCO's 01-22672H01 |
1A1A5 Lamp Drivers 01-26375G01 r
1A1A6 Delay Counter 01—26372G01 . ~é‘
1A1A7 Synthesizer Dividers -01-26366G01
1A1A8 ' Code Generator ' 01-26378G01
1A1A9 Data Encoder | 01-26363G01
1A1A10 Data Modulator 01-26369G01

Figure 8-4. Transponder Control Drawer (1A1)




. the right rear digital card.’ Connectlons to the R~F Translator

- (1A2) and Checkout Power Supplies (1A3) are made-through the
;%y ' rear panel,

8.3.2 R-F Translator Drawer (1A2)

The R-F Translator Drawer (1A2) shown in Figure 8-5 contains
the circuitry and éomponents to generate and process the VHF, _
L-band, and S-band carrier signals used in the AROD Transponder
. Station. It is a fully shielded, R-F tight enclosure. The in-
o ternal portions of the drawer are compartmentalized to provide
* isolation between the various signals, The VHF circuitry and D-C

power distribution are located in separate éompartments in the
bottom half of the drawer. The circuitry required to translate
| the L-band signal from the Station Tracking Transmitter to the
S-band signal required by the Station Tracking Receiver is located
in the upper half of the drawer. Thé S-band level attenuator and
output cable are shielded from the rest of the circuitry to pre-
" vent signal leakage when operating near threshold signal levels.

8.3.3 Checkout Equipment Power Supplies (1A3)

The Checkout Equipment Power Supplies (1A3) consist of three

modular units in a rack adapter frame. These supply the *9
R vdc and +3.5 vdc required by the electronic circuitry in the

} checkout equipment, Also mounted on the frame is a 6,3 vac

? - transformer which supplies power to the status indicator
o lamps. An A-C line cord and an MS type connector on the rear
of the unit provide input and output connections,. An ON-OFF
3 ' switch, a pilot lamp and an A-C line fuse are located on the
~ front panel, as are test points for each of the three D-C
output veoltages,

8.3.4 Rack Cooling

Rack cooling is provided by a blower assembly at the bottom
of the rack., Sufficient coollng is provided to maintain the
internal temperature rise to 15° C or less,
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: 8.3.5 Size and Weight

The sizes and weights of the subassemblies are' given in

&able 8-2,
TABLE 8-2. Equipment Sizes and Weights
Dimensions, inches
Subassembly Height | Width | Depth | Weight, 1b
Rack, complete - 60 21 28 375
Transponder Control 10-1/2 19 21 33
'g R-F Translator 10-1/2 19 22 42
- T-C/0 Power Subplies 5-1/4 19 L - -
) Power Meter frame 7 1 19 —_— | -
j Electronic Counter 5=1/4 19 _— -
! Blower Assembly 7 ' 19 — R

- 8.4 THEORY

8.4.1 Transponder Contrbl Drawer 1Al

8.4.1.1 Functions

The Transponder Control Drawer is required to. perform six major

; ‘
Bt o

functions, These functions are:

1. Provide a 34,5-MHz signal which has had the station control

data modulated onto it. This signal will be multiplied X4
! . in the Translator Drawer and form the 138-~MHz carrier for
fhe Station Control Receiver,

2, Provide any one of four signals which, after multiplication,
will be the proper frequency to translate the Tracking Trans=-

mitter carrier to the Tracking Receiver carrier frequency.

. 3. Provide a reference signal to the Transponder Tracking
1 ’ Transmitter to make the L-Band Carrier coherent with the
Checkout Equipment reference VCO during testing,



4, vProvide a Z code'éequence.identical to the Vehicle Tracking
‘Transmitter sequence, This will replace the normal Trans- -
 ponder Tracking Transmitter Modulation during testing so

that, after translation to the proper carrier frequency,
the signal appears to be coming from the vehicle.

5., Provide a means of accepting status information from the
transponder and diéplaying sufficient information to keep
personnel performing the tests informed as to the present
state of the transponder,.

6. Provide a means of measuring the differential deléy through
the S-band portions of the system, i

8.4.1.2 Design Approach

The design approach used in the construction of the AROD
Transponder Checkout equipment was to use, wherever possible,
circuitry which had already been developed for either the AROD
Véhicle or Transponder systems. The packaging concept chosen
was that used in the AROD Transponder Station with the R-F
circuitry housed in three-channel, plug=-in modules and the
digital circuitry on 6 x 6 plug-in motherboards.: A simplified
block diagram of the Transponder - C/0 setup is given in Figure 8-6,

8.4.1.3 Theory of Operation
VHF Synthesizer '

A simplified block diagram of the VHF synthesizer is shown
in Figure 8-~7. The output of the 34.5-MHz synthesizer VCO is
mixed with the second harmonic, 25.6 MHz, of the reference VCO,
This produces an 8.9-MHz signal which is within the operating
frequency range of the programmable divider which follows. The.
output of the divider is fixed at 6;25 kHz to satisfy the system
requirement that the VHF carrier can be spaced at 25-kHz incre-
ments anywhere within the 135 to 150-MHz band. To provide
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additional loop gain, the divider output is multipliéd to 400 kHz
before phase comparison with a 400-kHz signal derived from the
reference VCO, The phase detector is a digital "exclusive-or"
circuit which produces an 800-kHz signal at its output. The phase
error is represented by a variation in the symmetry of the square
wave signal at this point. This signal is fed to the loop

filter and D-C amplifier where it is filtered and amplified to
provide the control voltage for the synthesizer .oscillator. This
closes thelloop and phase locks the synthesizer VCO to the refer=-
ence VCO, The loop is implemented as a second-order, Type 1 loop
with a loop bandwidth, BL, of 100 Hz and a loop gain of about 6000,

Another output of the synthesizer VCO is fed to a phase modu~
lator where it is modulated by an 18.75-kHz subecarrier which
contains the station control data., The control data is generated
in the data encoder. It is theﬁ used to phase shift key the sub-
carrier in the data modulator. The data modulator develops an
18;75—kHz reference signal and its two quadrature signals. The
data gates these three signals such that a data ONE is represented
by 18.75 kHz /+900 for the first half of the data bit interval and
18.75 122 for the second half. A data ZERO is represented by
18,75 kHz /-90° for the first half and 18.75 kHz /0° for the
second half, ‘ |

Channel VCO's

A block diagram of the channel VCO loop is shwon in Figure 8-8,
One of the four oscillators is energized as determined by the
channel select switch on the control drawer front panel., The
same switch autdématically sets the programmable divider to the
proper ratio between 1033 and 1036 to keep the divider oufput
constant at 6,25 kHz. The divider output is multiplied to 400
kHz before being phase compared to the 400-kHz signal derived
from the reference VCO, This results in an increase in the

‘1loop gain by the multiplication factor., The phase detector

output is fed to the loop filter and D-C amplifier where it
is filtered and amplified to provide the control voltage for
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the channel VCO, This closes the loop and phase-locks thé
channel VCO tokthe reference VCO. The loop is ihplemented
as a second-order, Type 1 loop with a loop bandwidth, 8
10 Hz and a loop gain of about 4000.

L? of
{
The other output of the buffer amplifier is fed to the R~F
Translator Drawer, 1A2, where it is multiplied X64 to produce
the mixing signal required to translate the L-band signal from

the Tracking Transmitter: to the S-band carrier frequency of the
Tracking Receiver,.

Tracking Transmitter Reference

During normal operation, the 19.,2-MHz reference signal for
the Transponder Tracking Transmitter is supplied from the Doppler
Inverter circuitry. This signal is replaced with a 19.2-MHz
signal derived by multiplying the checkout equipment reference
VCO X3/2 whenever the checkout equipment is being used. This
results in the Tracking Transmitter output signai having a true
Doppler offset no matter what the state of the Tracking Receiver.
This is necessary in order to allow a simple translation of

transmitter carrier to form the receiver carrier,

Code Generator

Since the Transponder Tracking Transmitter is, by translation,
of the carrier frequency, used as a Vehicle Tracking Transmitter
during testing, its normal range code modulation signal must be
replaced by a signal corresponding to vehicle transmitter modu-
lation. The proper combination of high and low code pseudo-noise
sequences is generated in the Checkout Equipment Code Generator
(1A1A8) and fed to the transponder where it is used to modulate
the L~band carrier, The Code Generator is driven by the 12.8-MHz
Reference VCO to assure coherence of all signals and the proper
simulateé Doppler shift for carriers and modulation,

i

8~15



DeléyA06unter

]

The Delay Counter, 1A1A6,iis used to measure the time delay
between the Checkout and Tracking Receiver fange code clocks,
‘The resolution is increased by a factor of 128 by first mixing
the two 6.4-MHz clock signals, T—FHS and C/O-FHS, with an inter-
nally generated 6.35-MHz signal. The resultant 50-kHz signals .
are fed to the set and reset input of a flip-flop. The flip-
flop output is, thus, a pulse whose length is 128 times the
delay between the two code clocks and will occur once for each
time the reset switch on the front panel is depgessed. This
pulse is used to gate a 6.4-MHz square wave sig@al, C/O-FH, into
a seven-stage binary counter, The state of the counter stages
is displayed visually on the front panel, The fesolution of

the counter is equivalent t0’6 410—228 or about 1.22;nanoseconds.
4 x
The measurement is ambiguous for each full high code bit of delay.

The number of full bits of delay may be determined by using an
oscilloscope to compare the two codes., Each full bit of delay

is equivalent to approximately 156 nanoseconds,

8.4.2 R~F Translator Drawer 1A2

8.4.2,1 Functions
The R-~F Translator Drawer performs 2 major anctidns, which aré:

1. Provide a means of multiplying the 34,5-MHz signal from
the control drawer to the 138-MHz VHF carrier frequency
and of controlliﬁg the signal level fed to the station
control receiver,

'2. Provide a means of translating the L-band carrier from
the station tracking transmitter to the S-band tracking
receiver carrier frequency and of controlling the level
fed to the receiver,

¢

8-16




i
|

{
e

8.4.2,2 Design Approach

TheAdesign approach used in construction of the R-F Translator
was to use, wherever poséible, commercially availableicompoﬁents.
Purchased components were used with the exception of the two R-F

‘multiplier modules.

8.4.2.3 Theory of Operation

Reference to the R~F Translator Block Diagram, 69-20533J, will

- be very helpful during the following discussions

VHF Circuitry:

The 34.5-MHz signal from the control drawer is fed:to the X4
multiplier module, 1A2A2, The 138-MHz signal out of the multi-
plier goes to a resistive power splitter. One of the splitter
outputs is fed to the VHF monitor point located behind the R-F
gasketed door on the froﬁt panel of the drawer. The other splitter
output is fed to a 0-100 dB variable attenuator. The attenuator
output can be adjusted from =50 dBm to -150 dBm and forms the
VHF carrier signal to the station control receiver.

S-Band Circuitry

The L-band carrier frém the station tracking transmitter is
fed to a 30 dB, 1l5-watt attenuator located on the rear of the
R~-F Translator Drawer. '(Provision has been made to eésily by -
pass the attenuator when the TWTA is not being used.) The
attenuator output is fed to a 10 dB directional coupler, with
one output going to the L-band monitor point and the other to
the S-Band Mixer, The reference signal for the mixer is formed
by multiplying the channel VCO signal from the control drawer in
the X64 multiplier module, 1A2A1. The two signals are summed by
the mixer and a 2214-MHz bandpass filter is used to reject spurious
signals at the mixer output, The signal 15 then fed through a
PIN diode level set attenuator which provides about 10 dB of
control on the signal level at this point, The signal is then
split with one output going to the S-band monitor point and the



other to a 0-~100 dB variable attenuator. The level set is
nominally adjusted to allow the variable attenuator output to

vary from -60 dBm to -160 dBm. This signal is fed to the
Station Tracking Receiver,
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